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THE AETHOE’S PEEFACE. 


Tiie preparation of this little work has necessarily ex¬ 
tended over a considerable period of time, and, although 
our limits preclude anything like an attempt at a com¬ 
plete view of the principles and practice of Brick- 
making, it will be found to contain much practical 
information which has never yet been published, and 
descriptions of processes which are little knomi be- 
3mnd the localities where they are practised. The 
whole of the illustrations have been drawni expressly 
for the work, and the descriptions of tools and pj o • 
cesses have been written from personal observation, 
no dependence having been placed on verbal descrip¬ 
tion, even by experienced workmen. Working brick- 
makers are most!}' illiterate men, unable to describe 
correctly their own operations, and still less to explain 
their meaning. I have therefore considered it necessary 
to have every process here described carcfulh' watched 
throughout, either by mj'self or b\' some one on whose 
accuracy of observation I could place dependence. 

In the course of last autumn I drew' up several papers 
of questions, embracing a variety of points on which it 
w'as found difficult to obtain correct iufurmatiem, but 
which were distributed amongst those of my friends 
who were likely to have opportunities of ascertaining 
w'hat was required. 
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Many of these papers iii course of time' were returned^ 
accompanied by valuable details, and I have to express 
my' thanlvs and obligations to many gentlemen per¬ 
sonally' unknown to me for the assistance thus afforded. 
Amongst those from whom 1 have received valuable 
assistance during the progress of the work, I may 
especially mention the names of IMr. Arthur Aikin; 
Air. John Lees Brown, of Lichfield; Air. AVilliara 
Booker, of Not tingham; Air. Richard Prosser, of Bir¬ 
mingham ; and Air. Frederick Ransome, of Ipswich. 

Air. Richard Prosser has kindly contributed a valuable 
account of the practice of Brickmaking in Stafford¬ 
shire, which will be I’cad wdth much interest, and it will 
l)C worth the reader’s while to compare the processes 
described in this chapter wdth those made use of in the 
neighbourhood of Nottingham, described in Chapter III. 

The details given in Appendix I. respecting the manu¬ 
facture of Suffolk bricks w'ere kindly furnished by Mr, 
Frederick Ransome, to whom I am also indebted for 
drawings of a Suffolk kiln, which were intended by 
him as a contribution to the work, but which, un¬ 
fortunately', Avere committed to the post for transmis¬ 
sion, and neA'er reached their destination. 

In collecting the information requisite for writing the 
accounts of Brickmaking and Tilemaking as practised 
in the neighbourhood of London, I am under great obK- 
gations to Air. Adams and Air. Randell, of the Alaiden 
Lane Tileries, and to Air. Samuel Pocock, of the Cale¬ 
donian Fields, Islington, for the kindness Avith which 
they afforded me facilities for inspecting and sketching 
their w'orks, and for the liberal manner in Avhich they 
furnished me with details of prices and quantities. 

Although much time and pains have been bestowed 
upon the Avork, thei'e is so much difficulty in writing a 
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strictly accurate account, even of a simple operation, that 
I cannot hope that it is perfectly free from errors; but 1 
trust that they are only of a trivial nature, and I shall 
be greatly obliged to any reader who will point out any 
omissions or mis-statements, that I may be able to 
correct them in a future edition. 

There has long been a want of rudimentary treatises 
on the Materials of Construction, published in a cheap 
form, and written in a simple and practical style, 
divested of scientific technicalities, which render such 
books nearly useless to those by whom they are most 
needed. I venture to express a hope that this work may 
be of service in supplying this deficiency with regard te 
one very important class of building materials. At the 
same time it must be observed that the Science of Brick¬ 
making is as yet untrodden ground, comparatively little 
being known of the manner in which different sub¬ 
stances mutually act upon each other when exposed to 
furnace heat, or of the relative proportions of silica, 
alumina, lime, and other usual ingredients of brick- 
earths, which are best calculated to produce a sound, 
'■'^ell-shaped brick, of a pleasing colour. AU that I have 
attempted here, therefore, is*to give a clear description 
of the actual manufacture of bricks and tiles, and to 
explain the leading differences which exist in the manner 
of conducting the several operations of Brickmaking in 
various parts of this country. How far I have succeeded 
in this attempt Ihe reader alone can determine. 
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This work Avas i-evised by Professor Tomlinson in 1863, 
and some matter become useless by time and the altera¬ 
tion of tlie Excise laws judiciously expunged. A chapter 
Avas at the .same time appended on making bricks by 
machinery, but since that period many improvements 
and new iiiA^entions haA^e necessitated a supplemental 
chapter, in which the editor has endeavoured to give 
an outline of that part of the subject reaching to the 
present day. He has also added a sketch of that which. 
Avas properly called by the author of the work the Sdenge 
of Brickmaking. A feAV notes, revising the text gene¬ 
rally, will be found in the Appendix, and to which the 
alphabetical index now given affords easy reference. 

Though small and elementary, this work may pro¬ 
bably claim to be the most complete upon its subject 
in the English language. 
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INTRODUCTION. 

I. It would be impossible, in a little volume like the 
present, to enter at any length upon the early history 
of the Art of Brickmaking, nor would such an investi¬ 
gation, however interesting in a historical j)oint of view, 
add much to our practical knowledge of the subject. 
It is, however, desirable that we should give a few par- 
ttetilars relative to the progress of the manufacture in 
this country; and we propose at the same time to give 
a brief sketch of the legal restrictions which have been 
imposed from time to time upon the mode of conduct¬ 
ing the operations of the brickmaker. 

II. The use of brick as a building material, both burnt 
and unbumt, dates from a very early period. Burnt 
brick is recorded in the Bible to have been used in the 
erection of the tower of Babel; and we have the testi¬ 
mony of Herodotus for the fact, which is confirmed by 
the investigations of travellers, that burnt bricks, made 
(rom the day thrown out of the trench surrounding 
B 
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tlic city, Avcrc used in building the walls of the city of 
Babylon. Tlicsc very ancient bricks were of three 
kinds; one of which was very similar to the modem 
white Siiflblk bricks, and another to the ordinary red 
brick of the lu’csent day. 

Sun-dried bricks were extensively used in ancient 
times, c.specially in Egypt, w'here their manufacture 
was considered a degrading employment, and, as such, 
foi’jned the principal occupation of tho Israelites during 
tlieir bondage in Egypt after the death of Joseph. Very 
interesting ancient representatioms of the processes 
employed are still in existence, and throw much light 
on various passages of Scripture. Thus, the passage 
in Psalm Ixxxi. 6, “ I removed his shoulder from the 
burden; his hands were delivered from the (wafer) 
pots,” is strikingly illustrated by pictures still preserved 
to us, in Avhich labourers are carrying the tempered 
clay on their shoulders to the moulders, whilst others 
are engaged in carrying vessels of water to temper the 
clay. The Egyptian sun-dried bricks were made with 
clay mixed with chopped straw, which W'as furnished to 
the Israelites by their Egyptian taskmasters before the 
application of Moses to Pharaoh on their behalf, after 
which the obligation was laid on them to provide their 
own straw, which appears to have been a grievous addi¬ 
tion to their labour. It would appear from the details 
given, that the Israelites worked in gangs, under the 
superintendence of an overseer of their own nation, 
who was provided with all necessary tools and mate¬ 
rials, and who was personally responsible for the labour 
of the gangs. 

Burnt bricks were, however, also used in Egypt for 
river walls and hydra alic works, but, probably, not to 
any very great extent. 
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It is recorded in 2 Samuel xii. 31, that David put 
the children of Ammon under saws, and harrows, and 
axes of iron, and made them pass through the brick¬ 
kiln: without entering on the question whether the 
Ammonites were made to labour in the brickfields as 
the Israelites had themselves previously done during 
the time of their bondage* in Egypt, or whether we are 
to understand that they were piit to death with horrible 
tortures, as supposed by most commentators, there is 
a strong presumption that the implements here spoken 
of in connection with the brick-kiln were employed in 
the preparation of the clayj and if this view be correct, 
the passage is interesting as evidence of the use of 
machiuery in making bricks at a very early period of 
history. 

III. The Romans used bricks, both burnt and uu- 
burntj iu great profusion; all the great existing ruins 
at Rome being of brick. At the decline of the Roman 
Empire, the art of brickmaking fell into disuse, but 
was revived in Italy after the lapse of a few centuries. 
The mediaeval ecclesiastical and palatial architecture of 
Italy exhibits many fine specimens of brickwork and 
orqgimental work in terra-cotta; cornices and other 
decorations of great beauty being executed in the 
latter material. 

IV. In Holland and the Netherlands, the scarcity of 
stone led, at an early period, to the extensive use of 
brick, not only for domestic but for ecclesiastical build¬ 
ings, and these countries abound in fine specimens of 
brickwork, often in two colours, combined with great 
taste, and producing a very rich effect, as in the cele¬ 
brated examples at Leeuwarden in Friesland. It is 
worthy of remark, that in the fens of Lincolnshire and 
Norfolk, where we should naturally have expected to 

B 2 
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have found tlic same material made use of, the churches, 
many of Avhich are exceedingly fine specimens of archi- 
tcctnrcj arc l)uilt of small stones, said to have been 
brought from a great distance on pack-horses. 

V. Brickmaking appears to have been introduced 
into England by the Homans, who used large thin 
bricks or wall tiles as bond to their rubble construc¬ 
tions ; and such wall tiles continued to be used in 
England until rubble work was superseded by regular 
masonry, about the time of the Norman Conquest. 
Brick does not appear to have come into general use as 
a building material until long afterwards. 

In the reign of Henry VIII., however, the art of 
brickmaking had arrived at great perfection, and the 
remains of many buildings erected about this time 
exhibit some of the finest known specimens of orna¬ 
mental brickwork. 

The following is a list of some of the principal brick 
buildings erected at the period of which we speak 

NAME. WHEN BUILT. 

Hurstmonceaux Castle, Sussex . Early in the reign of Homy VL 

Gate of the Eycliouse in Hertfordshire Ditto. 

Tatf.crsh.'ill Castle, Lincolnshire . . a.d. 1440. 

Lollards’ Tower, Lambeth Palace . a.d, 1454. 

Oxborongh Hall, Korfolk . . . About a.d. 1482. 

Gateway, Rectory, Hadleigh, Suffolk . Close of 15th century. 

Old part of Hampton Court . . a.d. 1514. 

Hen grave Hall, Suffolk . . . Finished a.d. 1538. 

Manor House,atEnstBarsham,Norfolk During the reign of Henry VIL 
Tliovpland Hall, Norfolk . . . Ditto. 

P.'irsonagellcusejGreat Snoring, Norfolk During the reign of Henry VIII. 


Many of these buildings have been engraved in Pugin’s 
'' Examples of Gothic Architecture,” to which we would 
refer the reader. The decorative details of the ManoT 
House at East Barsham, and of the Parsonage House 
at Great Snoring, are particularly worthy of notice j 
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the panelled friezes, cornices, and other ornamental 
work, being constructed of terra-cotta moulded to the 
required form. The use of terra-cotta for decorative 
panels and bas-reliefs appears to have been common 
during the reign of Henry VIII. The gateway of 
York Place, Whitehall, designed by Holbein, was de¬ 
corated with four circular panels, which are still pre¬ 
served at Hatfield Peveril, Hants. 

The gateway of the Rectory in Hadleigh churchyard 
is very similar in character to that at Oxborough Hall, 
engraved in Pugin’s work, above referred to. It has 
been lately restored very carefully, the terra-cotta work 
for the purpose being made at the Layham Kilns, near 
Hadleigh, in moulds of somewhat complicated con¬ 
struction. 

In the time of Queen Elizabeth, brick seems only to 
have been used in large mansions. For common build¬ 
ings, timber framework, filled in with lath and plaster, 
was generally used, and this construction was much 
employed, even when brickwork was in common use, 
the brickwork, up to a late period, being, merely intro¬ 
duced in panels between the wooden framing, 

VI. On the rebuilding of London after the great fire 
of 1666, brick was the material universally adopted for 
the new erections, and the 10th Car. II. c. 11, regu¬ 
lated the number of bricks in the thickness of the walls 
of the several rates of dwelling-houses. One of tlie 
resolutions of the corporation of the city of liondon, 
passed about this time, is interesting; it is as follows :— 
“ And that they (the surveyors) do encourage and give 
directions to all builders, for ornament sake, tliat the 
ornaments and projections of the front buildings be of 
rubbed bficks; and that all the naked parts of the walls 
may be done of rough bricks, neatly wrought, or all 
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rubbed, at the direction of the builder, or that the 
builders may otherwise enrich their fronts as they 
please.” 

Much of the old brickwork still remaining in Xiondon, 
in buildings erected at the end of the 17th and be¬ 
ginning of the 18th century, is very admirably executed. 
The most remarkable feature of the brickwork of this 
period is the introduction of ornaments carved with the 
chisel. A fine example of this kind ^f work is shown 
in the Frontispiece,* which is a sketch of No. 43, St. 
Martin’s Lane, one of a block of houses built a 
person of the name of May, who about the same time 
erected May’s Buildings, to which the date of 1739 is 
affixed. The house in question is said to have been 
intended by Mr. May for his own residence. Its deco¬ 
rations consist of two fluted Doric pilasters, supporting 
an entablature, the whole executed in fine red brick¬ 
work ; the mouldings, flutings, and ornaments of the 
metopes having been carved with the chisel after the 
erection of the walls.f 

VII. It was not till the close of the last century that 
bricks were subjected to taxation. The 24th Geo. III. 
c. 24, imposed a duty of 2s. 6d. per thousand on bricks 
of all kinds. By the 34th Geo. III. c. 15, the duty was 
raised to 4s. per thousand. By the 43rd Geo/III. c. 69, 
bricks were divided into common and dressed bricks, 
and separate rates of duty were imposed on each kind. 
These duties and those on tiles were as follows:— 

* The author is indebted to the kindness of Mr. Edis for this sketch of 
one of the most interesting specimens of ornamental brickwork in the 
metropolis. 

t This fact was discovered some years ago, when the house was 
undergoing a thorough repair, and the scaffolding afforded facilities for a 
close inspection of the ornamentation. Cast terra-cotta ^imitations of 
carved stone for architectural decoration were sent by Mr. ’ Blanchard to 
the Exhibition of 1851, and were strongly recommended in the Jurv 
Eeport, Class XXVUI. 
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SCHEDULE (A)—DUTIES. 

[Repealed 1850.] 


£ », rf. 

For every tlionsand bricks which shall be made in Great Bri¬ 
tain, not exceeding any of the following dimensions, that 
is to say, ten inches long, three inches thick and five inches 

wide . . . ..050 

For every thousand of bricks which shall be made in Great 
Britain exceeding any of the foregoing dimensions . • 0 10 0 

For every thousand of bricks which shall bo made in Great 
Britain, and which shall be smoothed or polished on one or 
more side or sides, the same not exceeding the superficial 
dimensions of ten inches long by five indies wide . . 0 12 0 

For every hundred of such last-mentioned bricks, exceeding) The duties on 
the aforesaid superficial dimensions . . . i paving-tiles. 

For every thousand of plain tiles which shall be made in 

Great Britain. 0410 

For every thousand of pan or ridge tiles which shall be made 

in Great Britain. 01210 

For every htmdred of paving tiles which shall be made in 
Great Britain not exceeding ten inches square . . .025 

For every hundred of paving tiles which shall be made in 
Great Britain exceeding ten inches square . . . 0 4 lO 

For every thousand tiles which shall be made in Great Bri¬ 
tain, other than such as are hereinbefore enumerated or 
described, by whatever name or names such tiles are or may 
be called or known. .0410 


N.B.—^The said duties on bricks and tiles to be paid by the maker 
or makers thereof respectively. 

By the 3rd WiUiaiil IV. c. 11 (1833), the duties on 
tiles * were wholly repealed, and two years afterwards 
th^ duty on bricks was again raised, making the duty- 
on common bricks 55. 10</. per thousand. 

The brick duties formed the subject of the 18th 
Report of the Commissioners of Excise Enquiry, 1836; 
and in 1839 these duties were repealed by the 2nd and 
3rd Viet. c. 24, and a uniform duty of 55.10c?. per thou- 

• By a curious oversight, this Act, which was intended to put roofing 
tiles on the same footing as slates, also repealed the duties on paving tiles, 
whilst bricks used for paving remained subject to duty as before. Thus 
a lump of clay put into a mould of 10 in. X 5 in. X 3 paid duty, but the 
same quan^ of clay put into a mould 10 in. square was duty free, because 
it came under the denomination of a tile. The manufacturer, and not 
the public, reaped the advantage thus given. 
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sand imposed on all bricks of wbicli the cubic content 
did not exceed 150 cubic inebesj without any distinc¬ 
tion as to shape or quality. 

VIII, The new Act was a great boon to the public 
as well as to the trade, as, in consequence of the removal 
of the restrictions on shape, bricks might be made to 
any required pattern ; and moulded bricks for cornices, 
plinths, string-courses, &c., could be manufactured at 
a moderate price. Under the old regulations, also, the 
lirickmaker was precluded from correcting any defect 
which might arise from warping or twisting in the 
process of drying, without making himself liable to pay 
the higher rate of duty. In 1850 the duty on bricks 
was entirely repealed. 

IX. The number of bricks annually made in Great 
Britain is very great; just before the duty was repealed, 
a charge was made on about 1,800,000,000 bricks 
annually. In 1854 the number manufactured was 
estimated to be over 2,000,000,000, of which about 
130,000,000 were made in the brickfields in an# 
around Manchester, and about a similar number by 
the London brickmakers. The weight of this annual 
produce is upwards of 5,400,000 tons, representing 
a capital employed probably exceeding £2,000,000. 
Comparatively few bricks are made in Scotland, on 
account of the abundance of stone in that country. 
Those who are not practically connected with engineer¬ 
ing works may find some difficulty in forming a clear 
conception of the immense number of bricks annually 
made for railway purposes; and which may be roughly 
estimated at from 600 to 800 millions annually. In 
1821, before the introduction of the railway system, 
the number of bricks charged ivith duty in England 
and Scotland amounted to 913,231,000. In 1831 the 
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number was l,153j048,581. In 1840 the number rose 
to 1,725,628,333. 

A common turnpike road bridge over a railway 
requires for its construction, in round numbers, 300,000 
bricks; and the lining of a railway tunnel of ordinary 
dimensions consumes about 8,000 for every yard in 
length, or in round numbers about 14,000,000 per 
mile. 

X. The processes employed in the manufacture of 
bricks differ very greatly in various parts of the country. 
In some districts the clay is ground between rollers, 
and the pugmill is never used. In others, both rollers 
and pugmills are employed. In the neighbourhood of 
London the clay is commonly passed through a wash- 
mill. Equal differences exist in the processes of mould¬ 
ing and drying. Lastly, the form of the kiln varies 
greatly. In many places the common Dutch kiln is 
•the one employed. In Essex and Suffolk the kilns have 
arched furnaces beneath their floors; in Staffordshire 
bricks are flred in circular domed ovens called cupolas; 
whilst ne^ London kilns are not used, and bricks are 
burnt in clamps, the fuel required for their vitrifica¬ 
tion being mixed up with the clay in the process of 
tempering. 

'^■^XI. Bricks vary very much in their strength, a point 
to whidi, although of considerable importance, very little 
attention is paid. There is a striking difference in this 
respect between modem and ancient bricks; a differ¬ 
ence very much in favour of those made centuries ago; 
and, perhaps, the weakest bricks made are supplied by 
London makers. In some experiments by Mr. Hawkes 
(a detailed account of which is given in the Builder 
for 1861) it was found that of thirty-flve kinds of bricks 
which were tested, the average strength of the strongest 
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was 2,855 lbs.; of those of medium tenacity, 2,125 lbs, j 
and of those of least strength, 1557 Ihs. These bricks 
were of the ordinary f<n'm, and varied in thickness from 
;V25 to T7 inches. It wa.s also found that the thinner 
kinds of bricks were proportionally stronger than 
those which were thicker; the grcate.st, mean, and lea.st 
strengths of the former being respectively 4,088 lbs., 
2,!)5 1 lbs., and 2,070 lb.s. 

Ju comparing rveight with strength, it was found 
that the average weight of twenty-five "bricks from dif¬ 
ferent districts, ivas 7'85 lbs., and that the heaviest 
bricks were usually the strongest. The re-sults of the 
following experiment.s are calculated according to a 
uniform standard:—Tipton blue bricks,weighing 10 lbs., 
gave 5,555 lbs., 3,975 lbs., and 2,801 lbs., as the 
greatest, mean, and least degree of strength. Boston 
bricks, weighing 9‘88 lbs., gave 4,133 lbs., 3,198 lbs., 
and 2,616 lbs., as the value of the same items. Roman 
hypocaust tiles from the ancient city of Uriconium, 
near Wroxeter, gave 4,670 lbs., 3,567 lbs., and 
2,630 lbs. The Leeds bricks, weighing 9T7 lbs., 
gave 4,133 lbs., 3,198 lbs., and 2,616 lbs. Dutch 
clinkers, with a weight of only 6'56 lbs., gave the respec¬ 
tive strength of 4,006 lbs., 3,345 lbs., and 2,542 lbs. 
This is an exception to the general result of the heaviest 
bricks being the strongest. Lastly, the lightest London 
bricks, weighing 6-19 lbs., gave 1,496 lbs., 998 lbs., and 
366 lbs. The experiments also gave evidence of the 
fact that bricks were unable to sustain for any length 
of time a weight considerably less than that which was 
originally required to break them ; for example, a Bal¬ 
timore brick, which required 850 lbs. to break it, car¬ 
ried a weight of 735 lbs. for ten hours only, and then 
broke. It must be borne in mind that the second 
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result is represented in terms of the whole brick, for 
the sake of rendering the comparison more easy, 
although, of course, the experiment could only be made 
on the half brick. 

XII. The following report of the results of some 
experiments with Messrs. Burton & Co.’s hydraulic 
press, on hand- made and machine-made bricks respec¬ 
tively, will be found interesting. All the bricks were 
bedded upon a thickness of felt, and laid upon an iron¬ 
faced plate. 


Good London grey stocks 
Best paviours to be got . 

Red bricks, not fully burnt 
Ditto, ordinary quaJity . . , 

Threewbite brieks made by Clay¬ 
ton and Co.’s maobinery . ., 

Ditto, second best, with four bricks 16'25 . . 


PresgoTe to crack. Pressure to snub, 
tons. tons. 

12- 00 . . . 14 00 

14 00 . . . 23-00 

13- 75 . . . 25-05 

13-00 . . . 26-25 


17-05 


41-05 


XIII. In connection with the question of the strength 
of brickwork, it may be mentioned that some elaborate 
and careful experiments have recently been made at 
the instance of the Royal Institute of British Architects, 
with the view of ascertaining the actual crushing 
strength of various kinds of bricks now (1898) in 
general use, built in lime mortar and also in cement 
mortar. These experiments were made with the 
utmost care, and every precaution was taken to ensure 
that the tests should be accurate and reliable. 

It would be impossible to give here all the results 
obtained, but they may be briefly summarised from the 
“Journal of the Royal Institute of British Archi- 
teoto,” of December, 1897. It was found that the 
average crashing load in tons per square foot of 
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pieiv, iiicre;ifling about 27 X 18 inches and 6 feet 
iiigb, WMs for— 



BrickH ftlone. 

Brickwork bnilt 
iu Lime. 

Brickwork built 
iu Cement. 

iSittiiif'bonme Slui'lis 

Hi-’l 

IS-G3 

SO-29 

linrh:un (’.aiilts 

lSi)"20 

SMI 

61-34 

FlottouH 

220-,S.) 

30-OS 

66-25 

Lfiicester Hods 


45'3(5 

83-36 

lilu(> StaffordsliiroH 

77U CO 

114-34 

135-43 


Tlie extra strength obtained by the use of cement, 
instead of lime, mortar is very striking, especially as 
regards the weaker kinds of bricks. 

“ It is interesting,” says the Journal, “ to note the 
great difference between the strength of bricks and 
of briclvwork, tbe enormous disproportion being due to 
the rpality of the material interwoven with the bricks 
as a means of uniting and holding the mass together 
—if the mortar be imperfectly mixed, or the joints 
and beds of the brickwork imperfectly filled up, the 
injurious effect upon strength is incalculable.’* 

As regards the practical question of the weight that 
may be safely imposed upon brickwork, the Journal 
observes:— 

" If we take a safe load or one that would not 
materially damage the structure as one-fifth of the 
crushing load, it may he assumed from the results 
obtained that in lime mortar mixed I to 2 stock brick¬ 
work is equal to about 3| tons, Gault 6 tons, Fletton 6 
tons, Leicester Red 9 tons, and Staffordshire Blue 23 
tons per square foot. In Portland cement mortar mixed 
1 to 4 stocks would be equal to about 8 tons, Gaults 





INTRODUCrriON. 


11b 


13 tons, Flettons 11 tons, Leicester Red 17 tons,^and 
Staffordsh^e Blue 24 tons per square foot. 

“ This is only a general assumption wtich requires 
further consideration.” 


In the following pages we have described at con¬ 
siderable length the practice of brickmaking as carried 
on in Nottinghamshire, Staffordshire, Suffolk, and in 
the neighbourhood of London ; and although the prac¬ 
tice of almost every county presents some local pecu¬ 
liarity, the reader who has carefully gone through these 
accounts will be enabled to understand the object of 
any processes not here described, and to form a toler¬ 
ably correct judgment as to whether the process of 
manufacture in any district is conducted in a judicious 
manner; or whether the brickmaker has merely fol¬ 
lowed the practices handed down by his predecessors 
without any consideration as to the possibility of im¬ 
proving upon them. Before, however, entering upon 
■^e practical details of the subject, it is necessary that 
the reader should have some knowledge of the general 
principles of brickmaking, and of the nature of the 
processes employed; and these we shall proceed to 
consider in the following chapter. 



CHAPTER I. 

GENEEAL PEINCIPLKS OF 'I'llE MANUFACTURE OF 
BRICKS AND TIDES. 

1. ERICKS. 

1. The whole of the operations of the brickmaker 
D.ay be classed under five heads, viz.:— 

Preparation of brick earth. 

Tempering. 

Moulding. 

Drying. 

Burning. 

"We proj ose in this chapter to describe these opera¬ 
tions one by one, pointing out the object to be effected 
by each, and comparing at the same time the different 
processes employed in various parts of this country for 
the same end. 

PREPARATION OP BRICK EARTH. 

2. The qualities to be aimed at in making bricks for 
building purposes may be thus enumerated :—Sound¬ 
ness, that is, freedom from cracks and flaws ; hardness, 
to enable them to withstand pressure and cross strain; 
regularity of shape, that the mortar by which they are 
united may he of uniform thickness to insure unifor¬ 
mity of settlement ; uniformity of size, that all the 
bricks in a course may be of tin same height; uni- 
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forraity of colour^ which is of importance only in 
ornamental wo»k; facility of cutting, to enable the 
bricklayer to cut them to any given shape, as required 
in executing all kinds of gauged work; lastly, for 
furnace-work, and all situations exposed to intense 
heat, infusibility. 

3. Success in attaining the desired end depends 
chiefly on a proper selection of brick earths; their 
judicious preparation before commencing the actual 
process of brickmaking, as well as on the drying and 
burning of the bricks. The other operations are 
matters of minor importance. Brickmaking may be 
viewed in two lights—as a science, and as an art. Tlie 
former has been little studied, and is imperfectly under¬ 
stood ; whilst the latter has been brought to great 
perfection. 

4. The argillaceous earths suitable for brickmaking 
may be divided into three principal classes, viz.;— 

Pure clays, composed chiefly of alumina and silica, 
but containing a small proportion of other substances— 
as iron, lime, &c.* (See Appendix II., page 263.) 


* The following analyses of raviolis kinds of clay arc given in the 
second volume of the English translation of “ Knapp’s Technological 
Chemistry.” 



Cornish 

washed 

Kaolin. 

bridge fire 

Pipe clay. 

da;? 

Blue clay. 

Brick 


46-32 

64-10 

53-66 

66-68 

46-38 

49-44 

Alumina 

39-74 

23-15 

32-00 

26-08 

38-04 

34-26 

Oxide 1 

0-27 

1-85 

1-35 

1 26 

1-04 

7-74 

Lime 

0-36 

— 

0-40 

0-84 

1-20 

1-48 

Magnesia 
Potash 1 
& soda j 

0-44 

0-95 

trace 

trace 

trace 

5-14 

) 12-67 

— 

— 

— 

— 

■■ - 

Water . 

) 

10-00 

12-08 

514 

13-57 

1-94 


99-80 

100-05 

99-49 

100-00 

100-23 

100-00 
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MtirL^, wliich may be described as earths coutaiuing 
a coiisideral)le proportion of lime. 

Loams, whieli may be described as light sandy clays. 

It very seldom happens that earths are found which 
are suited for the purpose of brickmaking without some 
admixture. The pure clays require the addition of 
sand, loarvq or some milder earth] Avhilst the loams arc 
often so loose that they could not be made into bricks 
witliout the addition of lime to flux apd bind the earth. 
Even when the clay requires no mixture, the difference 
in the working of two adjacent strata in the same field 
is often so great that it is advisable to mix two or three 
sorts together to produce uniformity in the size and 
colour of the bricks. 

5. It appears, then, that a chemical compound of 
silica and alumina is the principal ingredient in all 
brick eartli.* This silicate of alumina, or pure clay 
alone, or those clays which contain but little sand, may, 
when beaten up with water into a stiff paste, be moulded 
with great ease into any shape; but will shrink and 
crack in drying, however carefully and slowly the ope¬ 
ration be conducted; and will not stand firing, as a red 
heat causes the mass to rend and w'arp, although it 
becomes very hard by" the action of the fire. 

The addition of any substance which will neither 
combine with rvater, nor is subject to contraction, greatly 
remedies these defects, whilst the plastic quality of the 
clay is not materially affected. For this reason the 
strong clays are mixed with milder earth or with sand. 
The loams and marls used for brickmaking in the 
neighbourhood of London are mixed with lime and 
sifted breeze for the same purpose, and also to effect the 
fluxing of the earth, as w"ill be presently described. 

* Some rcmai'ka on the plasticity of clay will be found in the AfpendtX, 
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6. Fire clays or refractory clays are compounds of 
silica, alumina, and water, or hydrated silicates of alu- J 
mina represented by the formula AlgOg, 2810, -f 2H0, 
Such clays owe their refractory qualities to their com¬ 
parative freedom from lime, magnesia, metallic oxides, 
and similar substances which act as fluxes. Few 
clays, however, exist in nature according to this pure 
type. The composition and quality of clays in con¬ 
tiguous beds in the same pit, and even of clay from the 
same contiguous horizontal bed, may vary. ‘^If we 
compare different clays together in respect to elementary 
composition, we find the relation between the silica and 
alumina to be extremely variable, and accordingly, the 
formulae which have been proposed to express their 
rational constitution are very discordant. This is in 
great measure to be explained by the fact, that in many 
clays a large proportion of silica exists uncombined 
either as sand, or in a much finer state of division. 
The grittiness of a clay is due to the presence of sand.’^* 
Fire-bricks^ are used in those parts of furnaces where 
the heat would soon destroy ordinary bricks. They are 
made of various shapes and sizes as required, and are 
^en produced, as in the iron works of South Wales, 
on the spot. The clay is ground between rolls, or under 
edge stones, and kneaded by treading. The bricks are 
made by hand in moulds; they are carefully dried in 
stoves, and burnt at a high temperature in closed kilns. 
Burilt clay in powder is sometimes mixed with the raw/^ 
clay. Stourbridge clay is celebrated for the manul’actaire 
of fine bricks, but clay from the coal-measures is also 
largely used. All these bricks have a pale brownish 
colour, but they are sometimes mottled with dark spots, 

• “ Metallurgy,” by John Percy, M.D,, I'Mt.S.,Ix:ctiircr on MctnIItirgy 
It tb« Government School of Mines. Ixjiuloti, ISGl. 

» C 
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wliicli Pr. Percy refers to the presence of particles of 
iron pyrites. Tlie Dinas fire-brick consists almost 
entirely of silica^ the material being obtained from the 
rock of that name in the Vale of Neath. It lies on the 
limestone, and occasionally intermixes with it, and 
contains probably about 5 per cent, of calcareous matter. 
The bricks have extraordinary fire-proof qualities. The 
material had long been used as a sand, and many 
attempts were made to form it into bricks, without 
success, until a method was contrived by the late Mr. 
W. W. Young, when in 1822 a company was formed 
for the manufacture of these bricks. The mode of 
making the Dinas brick was long kept secret, but a 
number of original details concerning it are given in 
Dr. Percy’s Avork. The material which is called clay is 
found at several places in the Vale of Neath in the state 
of rock, and disintegrated like sand. The colour when 
dry is pale grey. The rock is crushed to coarse pow'der 
betAAmen iron rolls; it softens by exposure to the air, 
but some of it is too hard to be used. “ The powder of 
the rock is mixed Avith about 1 per cent, of lime and 
sufficient Avater to make it cohere slightly by pressure. 
This mixture is pressed into iron moulds, of which two 
are fixed under one press, side by side. The mould, 
Avhich is open at the top and bottom, like ordinary 
brick-moulds, is closed below by a moA'eable iron plate, 
and above by another plate of iron, which fits in like a 
piston, and is connected Avith a lever. The machine 
being adjusted, the coarse mixture is put into the 
moulds by a Avorkman, Avhosc hands are protected by 
stout gloves, as the sharp edges of the fragments AA'ould 
othei’Avise wound them: the piston is then pressed 
doAvn, after Avhich the moveable bed of iron on which the 
brick is formed is lowered and taken away with fixe 

A 
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brick upon it, as it is not sufficiently solid to admit of 
being carried in the usual manner. The bricks are 
dried on these plates upon floors warmed by. flues 
passing underneath; and when dry they are piled in a 
circular closed kiln covered with a dome, similar to 
kilns in which common fire bricks are burned. About 
seven days of hard firing are required for these bricks, 
and about the same time for the cooling of the kiln. 
One kiln contain^ 32,000 bricks, and consumes 40 
tons of coal, half free-burning and half binding. The 
fracture of one of these bricks shows irregular particles 
of quartz, and the. lime which is added acts as a flux, 
causing them to agglutinate. These bricks expand by 
heat, while bricky made of fire clay contract. Hence 
they are useful for the roofs of reverberatory furnaces, 
and for parts where solid and compact lining is 
required. These siliceous bricks must not be exposed 
to the action of slags rich in metallic oxides. 

7. Fire clay, being an expensive article, is frequently 
mixed with burnt,clay, often as much as two parts by 
w^ht to one of Stourbridge clay. Broken crucibles, 
old fire bricks, and old glass-pofs ground to powder are 
also mixqd with fire clay. 

8. Fire clay is found throughout the coal measures, 
but that of Stourbridge is considered to be the best, as 
it will bear the most intense heat that can be produced 
without becoming fused. Next in esteem to those of 
Stourbridge are the Welsh fire bricks, but they will not 
.bear such intense heat. Excellent fire bricks are made at 
Newcastle and Glasgow. 

Fire bricks were formerly made near Windsor, at 
the villa|fe of Hedgerly, from a sandy loam known by 
the Windsor loam, and much used in London 
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for iir('-\vork, nnd also by chemists for luting their 
furnaces, uinl for similar purposes. 

The rclidivo merits of Silica, Welsh, Stourbridge, 
and fitlicr fire bricks, are best shown by their commer¬ 
cial value. The following items, extracted from Lock¬ 
wood's “ Guilders’ and Contractors’ Price Book for 
IS!IK,” edited by F. T. W. Miller, exhibit their rela¬ 


tive cost:— 


Castle Cary fire bricks . 
AVi^lsb ditto . 
Stourbridge ditto . . 

Neweastlo ditto 
Silica ditto 

iCod York.riiiro oven ditto 


Ter lOOO. 
£ ». d. 
6 0 0 
6 10 0 

5 10 0 

6 0 0 
7 10 0 
3 15 0 


9. Bricks made of refractory clay, containing no lime 

or alkaline matter, are rather than burnt; and 

tlieir soundness and hardness depend upon the fineness 
to which the clay has been ground, and the degree of 
firing to which it has been exposed. 

10. It is very seldom that the common clays arc 
found to he free from lime and other fluxes ; and when 
these are present in certain proportions, the silica of 
the clay becomes fused at a moderate heat, and cements 
the mass together. Some earths are very fusible, and, 
wdien used for hrickmakiiig, great care is requisite in 
firing the bricks to prevent them from running together 
in the kiln. 

11. The cartlis n.sed for brickmaking near London 
are not claj s, but loams and marls. To render these 
cartlis fit i’ov brickmaking, they are mixed with chalk 
ground to a pulp in a wash-mill. This effects a douhie 
purpose, for the lime not only imparts soundness to the 
bricks, acting mechanically to prevent the clay from 
shrinking and cracking, but also assists in fusing the 
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siliceous particles; and wheU present in sufficient quan¬ 
tity, corrects the evil effects of an overdose of sand, as 
it takes up the excess of silica that would otherwise 
remain in anl uncombined state. » 

12. It will be seen from these remarks that we may 
divide- bricks generally into two classes —hdked bricks 
made from the refractory clays, and burnt or vitrified 
bricks ihade from the fusible earths. 

The fusible earthk are the most difficult of treatment, 
as there is considerable practical difficulty in obtaining 
a sufficient degree of hardness without risking the 
fusion of the bricks; and it will be found that ordinary 
kiln-burnt bricks, made from the common clays, are for 
the most part of inferior quality, being hard only on the 
outside, whilst the middle is imperfectly burnt, and 
remains tender. The superior quality of the London 
malm bricks, which are made from a very fusible com¬ 
pound, is chiefly due to the use of sifted breeze,* which 
is thoroughly incorporated with the brick earth in the 
pugmill, sojihat each brick becomes a kind of fire ball, 
and contains in itself the fuel required for its vitrifica¬ 
tion. i^n building the clamps the bricks are stacked 
close together, and not as in ordinary kiln-burning, in 
which openings are left between the bricks to allow of 
the distribution of the heat from the live holes. The 
effect of these^irrangements is to produce a steady uni¬ 
form heat, which vitrifies the bricks without melting 
them. Those bricks which are in contact with the live 
holes or flues 4pelt into a greenish black slag. 

13‘. Ci<^/a|F3^at is, bricks which will bear cutting 
and rubbing to any required shape, arc made from 
sandy loaih8,;|ieither natural or artificial. In many 

• * 9itMKe to a casual mixture of cinders, small coal, and ashes, such as 
is eoUeeted by the dustmen. 

..t 
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districts cutters arc not made, there being no suitable 
materia] for the pur{)osc. Bricks made from pure clays 
containing but little silica arc hard and tough, and 'will 
not bear cutting. 

I t. We now come to the consideration of colour, 
which deijcnds on the varying proportions of the 
hydrated oxide of iron in the clay, which change 
according to the amount of heat to which the bricks 
are subjected, and not on their natural colour before 
burning. This should be borne in mind, because brick- 
makers often speak of clays as red clay, white clay, &c., 
according to the colour of the bricks made from them, 
without any reference to their colour in the unburnt 
state. 

If iron be present in clay without lime or similar 
substances, the colour produced at a moderate red heat 
will be red, the intensity of colour depending on the 
proportion of iron. The bind or shale of the coal mea- 
sure.s burns to a bright clear red. If the clay be 
slightly fusible, an intense heat vitrifies the outside of 
the mass and changes its colour, as in the case of the 
Staffordshire bricks, which, when burnt in the ordinary 
way, are of a red colour, which, however, is changed to 
a greenish blue by longer firing at a greater heat. The 
addition of lime changes the red produced by the oxide 
of iron to a cream brown, whilst magnesia brings it to 
a yellow. Few clays produce a clear red, the majority 
burning of different shades of colour, varying from 
reddish brown to a dirty red, according to the propor¬ 
tion of lime and similar substances which they contain. 
Some clays, as the plastic clays of Suffolk, Devon- 
shire,’!* and Dorsetshire, burn of a clear white, as may 

• The plastic clay of Devonshire and Dorsetshire forms the basis of 
the English stone ware. It is composc.d of about seventy-six parts of 
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be seen in the Suffolk 'white bricks^ which are much 
esteemed for their soundness and colour. The Londo^ 
malms have a rich brimstone tint, which is greatly' 
assisted by the nature of the sand used in the process 
of moulding. 

15. By employing metallic oxides and the ochreous 
metallic earths, ornamental bricks are made of a 
variety, of colours This, however, is a branch of brick¬ 
making which haa as yet received very little attention, 
although, with the rising taste for polychromatic deco¬ 
ration, it is well worthy of consideration. (See note, 
page 270.) 

Yellow clampt burnt bricks are made in the vici¬ 
nity of the metropoKs, and in other situations where 
similar material and fuel are readily obtained. White 
bricks are made from the plastic clays of Devonshire 
and Dorsetshire, and also Cambridgeshire, Norfolk, 
Suffolk, and Essex, as well as in other counties. Red 
bricks are made in almost every part of England, 
notably in Leicestershire and near Peterborough, where 
immense quantities of machine-made bricks are 
annually turned out; the fine red or cutting brick is 
very largely made in Hampshire and Berkshire. Blue 
bricks are made in Staffordshire, and are much used 
in that part of England. 

Sound and well-burnt bricks are generally of a clear 
and uniform colour, and when struck together will ring 
•with a metallic sound. Deficiency in either of these 
points indicates inferiority. 

16. Bricks sufficiently light to float in the water were 
known to the ancients. This invention, however, was 
completely lost until rediscovered at the close of the 
rilwa and tweRty-four of alumina, with Bome other ingredients in very 
tmoUpraportionB. This clay is very refractory In high heats, a property 
vdiioh, Jmned to its whiteness when burned, renders it peculiarly vain¬ 
ly im pottery, do 
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last century by M. Fa>)broni, who published an account 
of his experiments. M. Fabbroni succeeded in making 
floating bricks of au infusilile earth called fossil meal, 
which is abundant in some parts of Italy, Bricks made 
of this earth arc only one-sixth of the weight of common 
clay briolis, on which account they would be of great 
service in vaulting church roofs, and for similar pur¬ 
poses. Elircubcrg, the eminent German microscopist, 
showed that this earth consists almost entirely of the 
frustules or siliceous skeletons of various kinds of 
minute water plants. (See note, page 271.) 

Having thus briefly sketched the leading principles 
W'hich should be our guide in the selection of brick 
earth, we will now proceed to describe the several pro¬ 
cesses by w'hich it is brought into a fit state for use. 

h7. Unsoiling .—The first operation is to remove the 
mould and top soil, which is wheeled away, and should 
be reserved for resoiling the exhausted workings when 
they are again brought into cultivation. In London 
the vegetable mould is called the encallow, and the 
operation of removing it, encallowing. 

18. Clay-digging and Weathering .—The brick earth 
is dug in the autumn, and wheeled to a level place pre¬ 
pared to receive it, when it is heaped up to the depth 
of several feet, and left through the winter months to 
be mellowed by the frosts, which break up and crumble 
the lumps. At the commencement of the brickmaking 
season, which generally begins in April, the clay is 
turned over with shovels, and tempered either by spade 
labour or in the pugmill; sufficient water being added 
to give plasticity to the mass. 

19. During these operations any stones which may 
be found must be carefully picked out by hand, which 
is a tedious and expensive operation, but one which 



ABIV OF MAKING BRICKS AND TILES. 


23 


cannot be neglected with impunity, as the presence of a 
pebble in a brick generally causes it to crack in drying, 
and makes it shaky and unsound -when burnt. If the 
earths to be used are much mixed with gravel, the only 
remedy is to wash them in a trough filled with water, 
and provided with a grating sufficiently close to prevent 
even small stones from passing through, and by means 
of which the liquid pulp runs off into pits prepared to 
receive it, whero it remains until, by evaporation, it 
becomes sufficiently firm to be used. This process is 
used in making cutting bricks, which require to be of 
perfectly uniform texture throughout their whole sub¬ 
stance j but it is tedious and expensive. 

In working the marls of the midland districts, much 
trouble is experienced from the veins of skerry or im¬ 
pure limestone with which these earths aboiuid. If a 
small piece of limestone, no bigger than a pea, is allowed 
to remain in the clay, it will destroy any brick into 
which it finds its way. The carbonic acid is driven cff 
by the heat of the kiln, and forces a vent through the 
side of the brick, leaving a cavity through whicli water 
finds its way, and the first sharp frost to which sucli 
a brick may be exposed generally suffices to destroy 
the face. 

20. Grinding .—To remedy this serious evil, cast- iron 
rollers are now generally used throughout the midland 
districts for grinding the clay and crushiug the pieces 
of limestone found in it, and their introduction has 
been ..attended with very beneficial results. Ihe clays 
of thb coal measures contain much ironstone, wliich 
requires to be crushed in the same manner. 

In many yards the grinding of the clay is made tc 
form part of the process of tempering, the routine being 
as follows:—clay-getting, weathering, turning over and 
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wliecling to mill, grinding, tempering, and moulding. 
In Staffordshire the elay is not oidy ground, but is also 
pugged in the process of tempering, as described in 
chap. iv. lu't. 38; the routine is then as follows:— 
clay-getting, grinding, weathering, turning over, pug¬ 
ging, moulding. 

At aivell-inounted brickwork in Nottingham, belong¬ 
ing to Moses Wood, Esq., the clay used in making the 
best facing bricks is treated as follows :—it is first 
turned over and weathered by exposure to frost; it is 
then again turned ovei’, and the stones picked out by 
hand, after which it is ground between rollers set very 
close together, and then left in cellars to ripen for a 
year or more, before it is finally tempered for the use 
of the moulder. The bricks made from clay thus 
prepared are of first-rate quality, but the expense of 
the process is too great to allow of much profit to the 
manufacturer. 

21. Washing .—The preparation of brick-earth in the 
neighbourhood of London is effected by processes quite 
different from those just described. For marl or malm 
bricks, the earth is ground to a pulp in a wash-mill, and 
mixed with chalk previously ground to the consistence 
of cream; this pulp, or, as it is technically called, 
malm, is run off through a fine grating into pits pre¬ 
pared to receive it, and there left, until by evaporation 
and settlement, it becomes of sufficient consistency to 
allow a man to walk upon it. It is then soiled, i.e. 
covered with siftings from domestic ashes, and left 
through the winter to mellow. At the commencement 
of the brickmaking season the whole is turned over, 
and the ashes thoroughly incorporated with the earth 
in the pugmill. In making common bricks, the whole 
of the earth is not washed, but the unwashed clay ia 
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heaped up on a prepared floor, and a proportion of 
liquid malm poured over it, after which it is soiled in 
the same way as for making malms. 

These processes are well calculated to produce sound, 
hard, and well-shaped bricks. The washing of the clay 
effectually frees it from stones and hard lumps, whilst 
the mixing of the chalk and clay in a fluid state ensures 
the perfect homogeneousness of the mass, and enables 
the lime to combine with the silica of the clay, which 
would not be the case unless it were in a state of 
minute division. 

22. There are very few earths suitable in their natural 
sta,te for making cutters. They are therefore usually 
made of washed earth mixed up with a proportion of 
sand. Without the addition of sand the brick would 
not bear rubbing, and it would be very difficult to bring 
it to a smooth face. 

23. It maybe here observed that sufficient attention 
is not generally paid to the preparation of brick-earth, 
as it too frequently happens that the clay is dug in the 
spring instead of the autumn, in which case the benefit 
to be derived from the winter frosts is quite lost. The 

'V'vuse of rollers, to a certain extent, counterbalances this; 
but bricks made of clay that has been thoroughly 
weathered are sounder and less liable to warp in the 
kiln. 

TEMPERING. 

24. The object of tempering is to bring the prepared 
brick earth into a homogeneous paste, for the use of 
the moulder. 

The old-fashioned way of tempering was to turn the 
clay over repeatedly with shovels, and to tread it over 
by horses or men, until it acquired the requisite plasti¬ 
city. This method is still practised in many country 
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yards; Ijut where the demand for bricks is extensive, 
machinery is usually employed, the clay being either 
ground between rollers or pugged in a pugmill. This 
latter process is also called grinding, and, therefore, in 
making inquiries respecting the practice of particular 
localities, the reader should be careful that he is not 
misled by the same name being applied to processes 
which are essentially different. 

When rollers are used in the preliminary processes, 
the labour of tempering is much reduced. Their use is, 
however, most generally confined to the process of . 
tempering, which is then effected as follows :—The clay, : 
which has been left in heaps through the winter to 
mellow, is turned over with wooden shovels (water 
being added as required), and wheeled to the mill, 
where it is crushed between the rollers, and falls on a ' 
floor below them, where it is again turned over, and ia,,x 
then ready for use. 

When the clay is sufficiently mild and free from lime 
and ironstone as not to require crushing, tempering by 
spade labour and treading is generally adopted; but 
in the districts where rollers are used, the brick-earths 
are generally so indurated that a great proportion could 
not be rendered fit for use by the ordinary processes. 
The advantages and disadvantages of the use of rollers 
are considered at some length in chap. iii. art. 4. 

25. In making bricks for railway works, which has 
been done lately to an almost incredible extent, con¬ 
tractors are generally little anxious as to the shape or 
appearance of the article turned out of the kiln, pro¬ 
vided it be sufficiently sound to pass the scrutiny of the 
inspector or resident engineer. As the whole process 
of railway brickmaking often occupies but a few weeks 
from the first turning over of the clay to the laying of 
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the bricks in the work, the use of rollers in such cases 
is very desirable, as a partial substitute for weathering. 
On the line of the Nottingham and Grantham Railway 
several millions of bricks have been made as follows:— 
The clay is first turned over with the spade, and watered 
and trodden by men or boys, who, at the same time, 
pick put the stones. It is then wheeled to the mill 
and ground; .after which it is turned over a second 
time, and then passed at once to the moulding table. 

26. Although in many country places, where the 
demand for bricks is very smalt, tempering is still per¬ 
formed by treading and spade labour, the pugmill is 
very extensively used near London, and in most places 
where the brick-earth is of mild quality, so as not to 
require crushing, and the demand for bricks sufficiently 
constant to make it worth while to erect machinery. 
The pugmill used near London is a wooden tub, in shape 
ah inverted frustrum of a cone, with an upright revolving 
shaft passing through its centre, to which are keyed a 
number of knives, which, by their motion, cut and 
knead the clay, and force it gradually through the mill, 
'^'^hence it issues in a thoroughly tempered state, fit for 
the use of the moulder. S.ome contend that the pug- 
mill is no improvement on the old system of tempering 
by manual labour.; but, without entering into this ques¬ 
tion, there can be no doubt that it does its work very 
thoroughly, and its use prevents the chance of the tem¬ 
pering being imperfectly performed through the negli¬ 
gence of the temperers. In the London brickfields the 
process of tempering is conducted as follows:—The 
malm, or maimed br^k-earth, as the case may be, is 
turned over with the' spade, and the soil* (ashes) dug 

* • Soil, athes, diist not be confounded with soil, vegetahh mculd, 
wbteb i* in isome mixed with strong clay.^ to render it milder. 
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into it, water being added as may be necessary. It is 
t1u!u harrowed to the pngmill, and being thrown in at 
the to]), passes throngli the mill, and keeps continually 
issuing at a hole, in the bottom. As the clay issues 
I'roni the t;jeetment hole, it is cut into parallelopipedons 
by a labourer, and, if not wanted for immediate use, is 
])ilcd up and covered with sacks to prevent it from 
becoming too dry. 

Ill Staffordshire steam power is used lor driving both 
rollei's and pugmill, and the case of the latter is usually 
a hollow cast-iron cylinder. 

MOULDING. 

37. A brick-mould is a kind of box without top or 
bottom, and the process of moulding consists in dashing 
the tempered clay into the mould with suflBcient force 
to make the clot completely fill it, after which the 
superfluous clay is stricken with a strike, and the newly- 
made brick is either turned out on a drying floor to 
harden, or on a board or pallet, on which it is wheeled 
to the hack-ground. The first mode of working is 
known as slop moulding, because the mould is dipped 
in water, from time to time, to prevent the clay from 
adhering to it. The second method may be distinguished 
as pallet moulding; and in this process the mould is 
not wetted, but sanded. These distinctions, however, 
do not universally hold good, because in some places 
slop-moulded bricks are turned out on pallets. 

38. These differences may, at first sight, appear 
trivial, but they affect the whole economy of a brick¬ 
work. In slop moulding the raw bricks are shifted by 
hand from the moulding table to the drying floor, from 
the drying floor to the hovel or drying shed, and from 
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the hovel to the kiln. It is therefore requisite that 
the works should be laid out so as to make the distance 
to which the bricks have to be carried the shortest pos¬ 
sible. Accordingly,* the kiln is placed in a central 
situation in a reetangular space, bounded on two or 
more sides by the hovel, and the working floors are 
formed round the outside of the latter. 

In the process of slop moulding the newly-made brick , 
is carried, mould.and all, by the moulder’s boy to the 
flat, or drying floor, on which it is carefully deposited; 
and whilst this is being done, the moulder makes a 
second brick in a second mould, the boy returning with 
the first mould by the time the second brick is being 
finished. As soon, therefore, as the floor becomes 
filled for a certain distance from the moulding table, the 
latter must be removed to a vacant spot, or the distance 
to which the bricks must be carried would be too great 
to allow of the boy’s returning in time with the empty 
mould. 

29. In pallet moulding but one mould is used. Each 
brick, as it is moulded, is turned out on a pallet, and 
placed by a boy on a hack-barrow, which, when loaded, 

'll wheeled away to the hack-ground, where the bricks 
are built up to dry in low walls called hacks. One 
moulder will keep two wheelers constantly employed, 
two barrows being always in work, whilst a third is 
being loaded at the moulding stool. When placed on 
the barrow, it is of little consequence (comparatively) 
whether the bricks have to be wheeled 5 yards or 50; 
and the distance from the moulding stool to the end of 
the hacks is sometimes considerable. 

SO. TJie moulding table is simply a rough table, made 

* There are, of course, some exceptions; but, where practicable, the 
drying floors and hovel are placed close to the kilns. 
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ill various ways in (lifTcront parts of the country, but 
tlic ossciiiial (lin’cronccs arc, that for slop moulding the 
ta))h: is iurnislicd with a water trough, in which the 
moulds art! dipped after eacli time of using; whilst in 
jiallet nioiddiiig, for wliich the mould is usually sanded 
ami not wetted, the water trough is omitted, and a. page 
(see account of Brickinaking as practised in London) is 
added, on wliich the hrieks arc placed preparatory to 
their heing shifted to the hack-barrow. 

31. Briek moulds are made in a variety of ways. 
Some arc made of brass cast in four pieces and riveted 
together; some are of sheet iron, cased with wood on 
the two longest sides; and otliers again are made 
entirely of wood, and the edges only plated with iron. 
Drawings and detailed descriptions of each of these 
constructions are given in the subsequent chapters. In 
using wooden moulds the slop-moulding process is 
almost necessary, as the brick would not leave the sides 
of tlic mould unless it were very wet. Iron moulds are 
sanded, but not wetted. Brass, or, as they arc techni¬ 
cally called, copper moulds, require neither sanding nor 
wetting, do not rust, and are a great improvement on 
the common ivooden mould formerly in general use. 
They, however, are expensive, and will not last long, as 
tlui edges become worn down so fast that the bricks 
made liom the same mould at the beginning and end 
of a season are of a difl'erent thickness, and cannot he 
used together. This is a great defect, and a metal 
mould wliieh will not rust nor wear is still a great desi¬ 
deratum. It is essential that the sides of the mould 
.should he snOicieiitly still not to spring when the clay 
is dashed into it, and it is equally requisite that it 
slioidd not he made too heavy, or the taking-off hoy 
would not he able to carry it to the door. A common 
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copper mould weighs about 4 lbs,, and, with the wet 
brick in it, about 12 lbs., and this weight should not 
be exceedeid. 

32. There is a great difference in the quantity of 
bricks turned out in a given time by the pallet moulding 
and by the slop moulding processes. In slop moulding 
1Q,00Q, per week is a high average, whilst a London 
moulder will turn out 36,000 and upwards in the same 
period. This arises in a great measure from the cir¬ 
cumstance that in pallet moulding the moulder is 
assisted by a clot moulder, who prepares the clot for 
dashing into the mould; whilst in slop moulding the 
whole operation is conducted by the moulder alone. 

33. In some places the operation of moulding par¬ 
takes both of slop moulding and pallet moulding, the 
bricks being turned out on pallets and harrowed to the 
hack-ground, whilst the moulds are wetted as in the 
ordinary process of slop moulding. 

34. The substitution of machinery for manual labour 
in the process of moulding has long been a favourite 
subject for the exercise of mechanical talent; but 
although a great number of inventions have been pa¬ 
tented, there are very few of them that ean be said to 
be^thoroughly successful. The actual cost of moulding 
bears so small a proportion to the total cost of brick¬ 
making, that in small brickworks the employment of 
machinery would effect no ultimate saving, and, there¬ 
fore, it is not to be expected that machinery will ever 
be generally introduced for brick moulding. But in 
works situated near large towns, or in the execution of 
large engineering works, the case is very different, and 
a contractor who requires, say, 10,000,000 of bricks, to 
be made in a limited time, for the construction of a 
tunnel or a viaduct, can employ machinery with great 

D 
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advantage. A chapter on brickraaking machines w31 
be foinitl in another part of this volume. 

35. It has been much discussed by practical men, 
Avlicthcr In’icks moulded under great pressure are better 
than those moulded in the ordinary way. They are of 
denser texture^ harder, smoother, heavier, and stronger 
than common bricks. On the other hand, it is difficult 
to dry them, because the surfaces become over-dried 
and scale off before the evaporation from the centre is 
completed. Their smoothness lessens their adhesion to 
mortar; and their weight increases the cost of carriage, 
and renders it impossible for a bricklayer to lay as 
many in a given time as those of the ordinary weight. 
On tlie whole, therefore, increased density may be con¬ 
sidered as a disadvantage, although, for some purposes, 
dense bricks are very valuable. 

36. Mr. Prosser, of Birmingham, has introduced a 
method of making bricks, tiles, and other articles by 
machinery, in which no drying is requisite, the clay 
being used in the state of a nearly dry powder. The 
clay from which floor-tiles and tesserae are made is first 
dried upon a slip-kiln,* as if for making pottery, then 
ground to a fine powder, and in that state subjected to 
heavy pressure t in strong metal moulds: by this means 
the clay is reduced to one-third of its original thickness, 
and retains sufficient moisture to give it cohesion. The 
articles thus made can be handled at once, and carried 
direct to the kiln. In some experiments tried for ascer¬ 
taining the resistance of bricks and tiles , thus made to 

* The sUp-hln is a stone trough bottomed with fire tiles, under which 
runs a furnace fine. It is used in the manufacture of pottery for evapo¬ 
rating the excess of water in the slip, or liquid mixture of clay and ground 
flints, which is thus brought into the stale of paste. 

t It is a common but an erroneous notion, that articles made by Mr. 
Pro.sscr's process are denser than similar articles made in the common 
Way : the reverse is the fact. 




ART or UAK1N6 BRICKS AND TILES. 83 

A crushing force, a 9-inch brick sustained a pressure of 
90 tons without injury. 

37. Mr. Prosser^s method offers great advantages for 
the making of ornamental bricks for cornices, bas- 
reliefs, floor-tiles, tesselated pavements, &c. Serew 
presses are used to a considerable extent for pressing 
bricks when partially dry, to improve their shape and 
to give them a smooth face; but we have in many in¬ 
stances found pressed bricks to scale on exposure to 
frost, and much prefer dressing the raw brick with a 
beater, as described in chap. hi. art. 34. 

38. The great practical difficulty in making moulded 
bricks for ornamental work is the warping and twisting 
to which all clay ware is subject more or less in the 
process of burning. This difficulty is especially felt in 
making large articles, as wall copings, &c. In moulding 
goods of this kind it is usual to make perforations 
through the mass, to admit air to the inside, without 
which precaution it would be impossible to dry them 
thoroughly; for, although the outside would become 
hard, the inside would remain moist, and, on being 
sujqected to the heat of the kiln, the steam would crack 
and burst the whole. 

The Viaduct, on the Brighton and South Coast 
Railway, has a massive white brick* dentil cornice, the 
bricks for which were made in Suffolk after several 
unsuccessful attempts to make bricks of still larger size. 
The thickness of the bricks first proposed presenting an 
insurmountable obstacle to their being properly dried, 
their dimensions were reduced, and large perforations 
were made in each brick to reduce its weight, and to 
enable it to be more thoroughly and uniformly dried; 

* Brick yrta preferred to stone on account of tlic expense of the lattet 
nateriai 
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and by adopting tliis plan tlie design was successfully 
carried into CTiccution. 

3'.). The Tisual form of a brick is a parallelopipedon, 
about 9 in. long, 4| in. broad, and 3 in. thick, the exact 
size varying with the contraction of the clay. The 
thickness lUicd not bear any definite proportion to the 
length and breadth, but these last dimensions require 
nice adjustment, as tiie length should exceed twice the 
breadth by the thickness of a mortar joint. 

40. Bricks are made of a variety of shapes for par¬ 
ticular purposes, as enumerated in art. GO, chap. iii. The 
manufacture of these articles is principally carried on in 
the country, the brickfields in the vicinity of the metro¬ 
polis supplying nothing but the common building brick. 

41. A point of some little importance may be here 
adverted, tb, viz., is any advantage gained by forming a 
hollow in the bed of the brick to form a key for the 
mortar? There are various opinions on this point; but 
we think it may be laid down as a principle, that if it is 
useful on one side it will be still better on both, so as to 
form a double key for the mortar. In London, the 
brick mould is placed on a stock board, which is made 
to fit the bottom of the mould; and the relative positions 
of the two being kept the same, no difficulty exists in 
forming a hollow on the bottom of the brick, this being 
effected by a kick fastened on the stock board. But 
this could not be done on the upper side, which is 
stricken level. In slop moulding, the mould is simply 
laid on the moulding stool, or on a moulding board 
much larger than the mould, and both sides of the brick 
are flush with the edges of the mould, no hollow being 
left, unless the moulder think fit to make one by scoring 
the brick rvith his fingers, which is sometimes done. 
When machinery is used in moulding, it is equally easy 
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to stamp the top and the bottom of the brick; and we 
have seen, at the Butterly Ironworks, in Derbyshire, 
excellent machine-made bricks of this kind made in 
the neighbourhood. 

42. Amongst the many inventions connected with 
brickraaking which have been from time to time brought 
before the public, ventilating bricks deserve attention, 
from the facilities they afford for warming and venti¬ 
lating buildings. • 

The annexed figures show the form of the bricks and 
the way in which they are used. 


Fig. 1 . Fig. 2 . 




'¥ig. 1 is a representation of a 9-in. wall, built witn 
the ventilating bricks, with one common brick used at 
the angle of each course. 

Fig. 2 is a representation of a 14-in. wall; the half 
ventilating brick, being used alternately in the courses, 
forms a perfect and effectual bond. 

Pig. 8 is an isometrical drawing showing the venti¬ 
lating spaces. 


DRYING. 

48. The operation of drying the green bricks requires 
great care and attention, as much depends upon the 
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manner in which they are got into the kiln. The great 
point to be aimed at is to protect them against sun, 
wind, rain, and frost, and to allow each brick to dry 
uniformly from the face to the heart. 

Slop-moulded bricks are usually dried on flats or 
drying floors, where they remain from one day to five or 
six, according to the state of the weather. When spread 
out on the floor they are sprinkled with sand, which 
absorbs superfluous moisture, and renders them less 
liable to be cracked by the sun's rays. After remaining 
on the floors until sufficiently hard to handle without 
injury, they are built up into hacks under cover, where 
they remain from one to three weeks, until ready for the 
kiln. In wet weather they are spread out on the floor 
of the drying shed, and great care must then be taken 
to avoid drafts, which would cause , the bricks to dry 
faster on one side than the other. To prevent this, 
boards set edgeways are placed all round the shed to 
check the currents of air. 

The quantity of ground required for drying bricks in 
this manner is comparatively small, as they remain oh 
the floors but a short time, and occupy little space when 
hacked in the hovels. The produce of a single moulding 
stool by the slop-moulding process seldom exceeds 
10,000 per week, and the area occupied by each stool is, 
therefore, small in proportion. Half an acre for each 
kiln may be considered ample allowance for the working 
floor and hovel. 

44. In places where brickmaking is conducted on a 
large scale, drying sheds are dispensed with, and the 
hacks are usually built in the open air, and protected 
from wet, frost, and excessive heat, by straw, reeds, 
matting, canvas screens, or tarpaulins; all of which we 
have seen used in different places. 
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45. Bricks intended to be clamp burnt are not dried 
on flats, but are backed atonee on leaving the moulding 
stool, and remain in the haeks mueh longer than brieks 
intended to be kilned. This is rendered necessary by 
the difference between elamping and kilning. In the 
latter mode of burning, the heat can be regulated to 
great nicety, and if the green bricks, when first placed 
in the kiln, be not thoroughly dried, a gentle heat is 
applied until this’ is effected. In clamping, however, 
the full heat is attained almost immediately, and, 
therefore, the bricks must be thoroughly dried, or they 
would fly to pieces. In the neighbourhood of London 
a good moulder, with his assistants, will turn out from 
30,000 to 40,000 bricks per week, and the clamps 
contain from 60,000 to 120,000 bricks and upwards. 

From these combined causes, the area occupied by 
each stool is greater than in making slop-moulded 
bricks. In Mr. Bennett’s brick-ground at Cowley, ten 
stools occupy twenty acres. 

46. At the risk of wearying the patience of the 
reader, we recapitulate the leading points on which 
dtSpends the difference of area required for each mould¬ 
ing stool in making:— 

Slop-moulded bricks, hacked under London pallet-moulded sand stocks, 
cover, and burnt in kilns. burnt in clamps. 


Dried one day on flats ... 1st 
Closely stacked in hacks 17 \ 
courses high, placed close > 2nd - 
tt^ther under cover . . .) 
Remain in shed 10 to 16 days 3rd 
Bate of production per stool, 1 
aboot 10,000 weekly . . . 

Kiln holds about 30,000 bricks, 1 
and may be fired once in 10 I Sth - 

.J 


Hacked at once. 

Bricks loosely stacked in hacks, 
8 courses high and 2 bricks 
wide, with 9 ft. spaces be¬ 
tween the hacks. 

Remain in hacks 3 to 6 weeks. 
A gang will turn out 30,000 to 
40,000 per week. 

Clamp contains 60,000 to 
120,000 bricks, and burns 
from 2 to 6 weeks. 


47. It is scarcely necessary to observe that different 
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clays ro<{iiire diflbrciit treatment, according to their 
composition, some bricks bearing exposure to sun and 
rain witliout injury, whilst others require to be carefully 
covered up to keep them from cracking under similar 
circumstances. [See Appendix.] 

Superior qualities of bricks are generally dressed with 
a beater when half dry, to correct any twisting or 
w'arping which may have taken place during the first 
stage of drying. 


BURNING. 

48. Bricks are burnt in clamps and in kilns. The 
latter is the common method, the former being only 
employed in burning bricks made with ashes or coal- 
dust. It should be observed, however, that the name of 
clamp is applied also to a pile of bricks arranged for 
burning in tlie ordinary way, and covered with a 
temporary casing of burnt brick to retain the heat; but 
this must not be confounded with close-clamping as 
practised in the neighbourhood of London. 

49. The peculiarity of clamp burning is that each 
brick contains in itself the fuel necessary for its vitrifi¬ 
cation ; the breeze or cinders serving only to ignite the 
lower tiers of bricks, from which the heat gradually 
spreads over the whole of the clamp. No spaces are 
left between the bricks, which are closely stacked, that 
the heat to which they are exposed may be as uniform 
as possible. It is unnecessary here to go into the 
details of clamping, as they are very fully given in 
the account of London Brickmaking. [See also Ap¬ 
pendix.] 

50. A kiln is a chamber in which the green bricks 
are loosely stacked, u ith spaces between them for the 
passage of the heat; and baked by fires placed either 
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in arched furnaces under the floor of the kiln, or in fire 
holes formed in the side walls. 

There are many ways of constructing kilns, and 
scarcely any two are exactly alike; hut they may be 
divided into three classes:— 

1st. The. common rectangular kiln with fire-holes in 
the side walls. This is formed by building four walls 
enclosiijg a rectangular space, with a narrojv doorway 
at each end, and •narrow-arched openings in the side 
walls exactly opposite to each other. The bricks are 
introduced through the doorways, and loosely stacked 
with considerable art, the courses being crossed in a 
curious manner, so as to leave continuous openings 
from top to bottom of the pile to distribute the heat. 
In the lower part of the kiln narrow flues are left, about 
■ 8 in. wide and about 2 ft. or 3 ft. high, connecting the 
•. fire-holes in the side walls. The kilns having been 
j filled, the doorways are bricked up and plastered with 
I clay to prevent the ingress of cold air; the top of the 
I kiln is covered with old bricks, earth, or boards, to 
retain the heat, and the firing is carried on by burning 
coal in the fire-holes. A low shed is generally erected 
‘ Sh each side of the kiln to protect the fuel and fireman 
[ from the weather, and to prevent the wind from urging 
I the fires. The details of t^e management of a kiln are 
/ given in another place, and need not be here repeated. 
! This kind of kUn is he simplest that can well be 
adopted, and is in use in Holland at the present day. 
^ It is the kiln in common use through the Midland 
districts. 

2hd. The rectangular kiln with arched furnaces. 
This consists also of a rectangular chamber but differs 
from the first in having two arched furnaces running 
under the floor the whole length of the kiln, the furnace 
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doors being at one end. The floor of the kiln is formed 
like lattice-work, with numerous openings from the 
furnaces ])elow, through which the heat ascends. The 
top of the kiln is covered by a moveable wooden roof, 
to retain the heat, and to protect the burning bricks 
from wind and rain. These kilns are used in the east 
of England. 

3rd. Tlie circular kiln or cupola. This is domed over 
at the top, whence its name is derived. The fire-holes 
are merely openings left in the thickness of the wall, 
and are protected from the wind by a wall built round 
the kiln at a sufficient distance to allow the fireman 
room to tend the fires. These cupolas are used in Staf¬ 
fordshire and the neighbourhood, and the heat employed 
in them is very great. Drawings of a cupola are given 
in chap, iv., with an account of the manner in which 
the firing is conducted, and therefore it is unnecessary 
to enter here upon any of these details. 

51. The usual method of placing bricks in the kiln is 
to cross them, leaving spaces for the passage of the heat, 
but there are objections to this, as many bricks show 
a different colour, where they have been most exposed 
to the heat. Thus in many parts of the country, the 
bricks exhibit a diagonal stripe of a lighter tint than 
the body of the brick, which shows the portion that 
has been most exposed. In burning bricks that require 
to be of even colour, this is guarded against by placing 
them exactly on each other. 

On first lighting a kiln the heat is got up gently, that 
the moisture in the bricks maybe gradually evaporated. 

When the bricks are thoroughly dried, which is 
known by the steam ceasing to rise, the fires are made 
fiercer, and the top of the kiln, is covered up with 
boards, turf, old bricks, or soil, to retain the heat. As 
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the heat increases, the mouths of the kiln are stopped 
to check the draft, and when the burning is completed, 
they are plastered over to exclude the air, and the fires 
are allowed to go out. After this the kiln is, or should 
be, allowed to cool very gradually, as the soundness of 
the bricks is much injured by opening the kiln too 
soon. 

Pit coal is the fuel commonly used, and the quantity 
required is about*half a ton per 1,000 bricks; but much 
depends on the quality of the coal, the construction of 
the kiln, and the skill with which the bricks are stacked. 

Wood is sometimes used as fuel in the preliminary 
stage of firing, but not to a great extent. In a letter 
received on the management of the Suffolk kilns, the 
writer says, “ The usual mode of firing bricks in Suffolk 
is in a kUn. The one near me, belonging to a friend of 
mine, is constructed to hold 40,000; it is about 20 ft. 
long and 15 ft. broad, and is built upon two arched 
iiimaces that run through with openings to admit the 
heat up. The bricks are placed in the usual way for 
burning, by crossing so as to admit the heat equally 
through, when the whole mass becomes red hot: the 
first three or four days, wood is burnt in what is called 
the process of annealing; with this they do not keep up 
a fierce fire. After this from 12 to 14 tons of coal are 
consumed in finishing the burning. Private individuals 
sometimes make and clamp 20,000 or 30,000 without a 
kiln; then there is great waste, and the bricks are not 
so well burnt. 

52. In the preceding pages we have briefly sketched 
the operations of brickmaking, and the principles on 
which they depend. In the following chapters the 
reader will find these operations described in detail, as 
practised in different parts of the country; it need 
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hardly be said that the illustrations might be greatly 
extended, as there are scarcely two counties in England 
in which the processes are exactly similar, but this 
would lead us far beyond the limits of a Rudimentary 
Treatise, and enough is given to show the student the 
interest of the subject, and to enable him to think and 
examine for himself. If he be induced to do this from 
the perusal of these pages, the aim of this little volume 
will have been completely fulfilled. 


II. TILES, 

53. The manufacture of tiles is very similar to that 
of bricks, the principal differences arising from the thin¬ 
ness of the ware, which requires the clay to be purer 
and stronger, and renders it necessary to conduct the 
whole of the processes more carefully than in making 
bricks. 

54. Tiles are of three classes, viz., paving tiles, roof¬ 
ing tiles, and drain tiles. 

Paving tiles may be considered simply as thin bricks, 
and require no especial notice. 

Roofing tiles are of two kinds: pantiles, which are of 
a curved shape, and plaintiles, which are flat, the latter 
being often made of ornamental shapes so as to form 
elegant patterns when laid on a roof. 

Pantiles are moulded flat, and afterwards bent into 
their required form on a mould. Plain tiles were 
formerly made with holes in them for the reception of 
the tile-pins, by which they were hung on the laths; 
but the common method is now to turn down a couple 
of nibs at the head of the tile, which answer the same 
purpose. 

Besides pantiles and plaintiles, hip, ridge, and 
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Valley tiles, come under the denomination of roofing 
tiles; these are moulded flat, and afterwards bent on a 
mould, as in making pantiles. 

Draining tiles belong to the coarsest class of earthen¬ 
ware. They are of various shapes, and are made in 
various ways. Some are moulded flat, and afterwards 
bent round a wooden core to the proper shape. Others 
are ma^e at once of a curved form, by forcing the clay 
through a mould .by mechanical means. Tile-making 
machines are now almost universally superseding manual 
labour in this manufacture, and many machines of 
various degrees of merit have been patented during the 
last few years. 

55. Besides the above articles, the business of a tilery 
includes the manufacture of tiles for malting floors, 
chimney-pots, tubular drains, and other articles of 
pottery requiring the lathe for their formation. We do 
not, however, propose now to enter upon the potter’s 
art, which, indeed, would require an entire volume, but 
shall confine ourselves to the description of the manu¬ 
facture of roofing tiles as made in Staffordshire, and at 
the London tileries, adding a few words on the making 
of tesserae and ornamental tiles as practised by Messrs. 
Minton, of Stoke-upon-Trent. 

^6. In the country it is common to burn bricks* and 
tiles together, and as, in most places, the demand for 
bricks is not great, except in the immediate vicinity of 
large towns, where the demand is more constant, the 
manufacturer generally only makes so many bricks as 
are required to fill up the kiln. 

Where there is a great and constant demand for 
bricks and tiles, their manufacture is carried on sepa- 


• In Rome places bricks and limt are bnrnt together. 
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rately, and tiles arc burnt in a large conical building, 
called a dome^ which encloses a kiln with arched fur¬ 
naces. There are many of these in the neighbourhood 
of London, and, as we have described them very fully in 
the chapter on London Tileries, we need say nothing 
further here on this subject. 

57. The manufacture of draining tiles is one which 
daily assumes greater importance on account of the 
attention bestowed on agriculture, and the growing 
appreciation of the importance of thorough drainage. 
Any discussion on the best forms of draining tiles, ol 
the most advantageous methods of using them, would, 
however, be out of place in this volume. Neither need 
we say much on the practical details of the manufacture, 
as it is exceedingly simple, and as regards the prepara¬ 
tion of the clay, and the processes of drying and burning, 
is precisely similar to the other branches of tile-making. 
With regard to the process of moulding, there is little 
doubt but that hand moulding will soon be entirely 
superseded by machinery; and the discussion of the 
merits of the numerous excellent tile-making machines 
now offered to the public, although of great interest to 
those engaged in the manufacture, would be unsuited to 
the pages of a rudimentary work, even were it practi¬ 
cable to give the engravings which would be necessary 
to enable the reader to understand their comparative 
advantages or defects.* A few words on the principal 
features of the manufacture of drain tiles are, however, 
required to enable the reader to appreciate its peculiar 
character. 

58. Bricks, paving tiles, and roofing tiles, are little 
required, and seldom manufactured, except in the neigh- 

* A few detaiis will be found in the chapter on Brickraaking by 
Machinery. 
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bourhood of towns or of large villages^ where the demand 
is likely to he sufficiently constant to warrant the 
erection of kilns, drying sheds, and other appurtenances 
of a well-mounted brickwork. If a cottage is to be 
rebuilt, a barn tiled, or it may be once in twenty or 
thirty years a new farmsteading erected in a rural dis¬ 
trict, it. is generally cheaper to incur the expense of 
carting a few thousand bricks or tiles than to erect the 
plant necessary for making these articles on the spot. 

But with drain tiles the case is reversed. They are j 
most wanted precisely in situations where a brick-yard 
would be an unprofitable speculation, viz., in the open 
country, and often in places where the cost of carriage 
from the nearest brick-yard would virtually amount to 
a prohibition in their use, if they cannot be made on 
the spot, and that at a cheap rate. What is wanted, 
therefore, is a good and cheap method of making drain 
tiles without much plant, and without erecting an expen¬ 
sive kiln, as the works will not be required after sufficient 
tiles have been made to supply the immediate neighbour¬ 
hood, and therefore it would not be worth while to incur / 
the expense of permanent erections. The making drain | 
t^ra a heme manufacture is, therefore, a subject which [ 
has much engaged the attention of agriculturists during 
the last few years, and it gives us grffat pleasure to ^ 
be enabled to give engravings of a very simple and^/ 
efiective tile-kiln erected by Mr. Law Hodges, in his 
brick-yard, and described in the Journal of the Royal 
Agricultural Society, vol. v., part 3, from which publi¬ 
cation we have extracted so much as relates to the ~ 
description of this kiln, and the cost of making drain 
tiles in the manner recommended by him. [See Ap¬ 
pendix.] 

69. We have already extended this sketch of the ' 
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general priiiciplcs anrl practice of brick and tile making 
beyoud its proper limitSj and must therefore pass on to 
the jiractical iliiistrations of our subject. 

Tile On the Manufacture of Bricks and 

Tiles in Holland” is reprinted I'rom the tliird volume of 
Wealc’s “ (inartcrly Papers on Engineering,” and will 
be read with interest on account of the great similarity 
of tlie English and Dutch processes. 

The account of brickmaking, as practised at Not- 
tingliam and tlie Midland counties, was written from 
personal examination of brickworks in the vicinity of 
Nottingham, and in the counties of Derby, Leicester, 
and Lincoln, and has been carefully revised by a gen¬ 
tleman long connected with one of the jirincipal brick¬ 
works near Nottingham. 

The paper “ On Brickmaking, as practised in the 
Staftbrdshire Potteries,” was contributed to this volume 
by Mr. R. Prosser, of Birmingham, whose name is a 
sufficient guawintee for the value of the information 
therein contained. The details fortius paper were col¬ 
lected by Mr. Prosser^s assistant, Mr. John Turley, of 
Stoke; and the valuable analyses of brick-earths were 
made for Mr. Prosser by Mr. E. C. Wrightson, of 
Birmingham, at a considerable expense. 

The description of brickmaking m the vicinity of 
London has been drawn up with great care, and is the 
first illustrated account that lias yet appeared of the 
raamifacture of clamp bricks. The drawings accom¬ 
panying this paper, and that on the London Tileries, 
are from the pencil of Mr. B. P. Stockman. 

Professional engagements preventing a personal exa¬ 
mination of the processes employed in brick and tile¬ 
making in the vicinity of the metropolis, Mr. Stockman 
kindly undertook this task, and to his persevering 
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energy and talent we are indebted for a great mass o( 
practical details embodied in these two chapters. 

■ Lastly, in the Appendix are inserted various par¬ 
ticulars relative to briokmaking which could not have 
been introduced in any other part of the volume with¬ 
out interrupting the continuity of tlie text. 


CHAPTER ir. 

ON THE MANUFACTURE OP BRICKS AND TILES IN 
HOLLAND. Br Hyde Claukb, C.E. 

I.—BniCKS. 

The Dutch make a most extensive use of bricks, of 
which they have several kinds. Not only are bricks 
used for ordinary building purposes, and for furnaces, 
but also in great quantities for foot pavements, towing- 
paths, streets, and high roads. It may be observed, 
that they have of late been used very effectively in this 
couiilry for the pavement of railway stations. The 
paving bricks, or Dutch clinkers, are the hardest sort, 
and ore'principally manufactured at Moor, a smal vil¬ 
lage about two miles from Gouda, in South Holland. 
The brick-fields are on the banks of the river Yssel, 
from which the cliief material is derived, being no other 
than the slime deposited by the river on its shores, and 
at the bottom. The slime of the Haarlem Meer is also 
extenaively used for this purpose, as most travellers 
know* TIur ia ooUqcted in boats, by men, with long 
K 
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poles having a cutting circle of iron at the end^ and a 
bag-net, with wliich they lug up the slime. The sand 
is also obtained by boatmen from the banks of the river 
Macs. It is of a fine texture, and grayish colour. The 
hard bi’icks are made with a mixture of this slime and 
sand, but in what proportions I am not informed. 
River sand is recognised as one of the best materials 
for bricks, and is used by the London brickmakers, who 
obtain it from the bottom of the Thames, near Wool¬ 
wich, where it is raised into boats used for the purpose. 
For what are called in France, Flemish bricks, and 
which are manufactured in France, Flanders, and on 
the corresponding Belgian frontier, river sand is pre¬ 
ferred, and is obliged to be obtained from the Scheldt. 
At Ghent, and lower down, a considerable traffic is 
carried on in the supply of this material. The quantity 
used there is about one cubic foot of sand per cubic 
yard. 

The slime and sand, being mixed, are well kneaded 
together with the feet, and particular attention is paid 
to this part of the process. The mixture is then depo¬ 
sited in heaps. The mode of moulding and drying is 
similar to that used elsewhere. Paving bricks are 
generally about 6 in. long, 4 in. broad, and If in. thick, 
Dutch clinks made in England are 6 in. long, 3 in. 
broad, and 1 in. thick. 

The house bricks and the tiles are made for the most 
part at Utrecht, in the province of the same name, from 
brick earth found in the neighbourhood. House bricks 
are about 9^ in. long, 4^ in. wide, and nearly 2 in. thick. 

IL—BRICK-KILNS, 

The kilns are built of different sizes, hut generally 
on the same plan. Sometimes they will take as many 
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as 1,200,000 bricks. A kiln for burning 400,000 bricks 
at once is represented in the Memoirs of the Academy 
of Sciences of France.’' It is a square of about 33 ft. or 
35 ft. long by 28 ft. or 30 ft. wide, closed in with four 
walls of brick, 6 ft. thick at the base, and which slope 
upwards outside to their extreme height, which is about 
18 ft. Some slope also slightly inwards, but in a dif¬ 
ferent direction. Different plans are nevertheless 
adopted with regard to the form of the external walls, 
the great object being, however, to concentrate the heat ^ 
as much as possible. In the walls, holes are left for 
six flue-holes, and sometimes for eight or ten or twelve. 

In one of the walls, in the breadth of the kdn, an 
arched doorway is made, about 6 ft. wide and 12 ft. 
high, by which the bricks are brought into the kiln. 
The arrangements as to the doorway are also subject to 
variation. The interior of the kiln is paved with the 
bricks, so as to present a level base. The walls are laid 
with mortar of the same earth from which the bricks 
are made, and with which they are also plastered in-, 
side; yet, notwithstanding the strength with which they 
ar^built, the great power of the kiln fire sometimes 
cracks them. The kilns, I would observe, are not usually 
covered in, but some of those for baking building-bricks 
have roofs made of planks, and without tiles, to shelter 
them from the wind and rain. Others are provided 
with rush mats, which are changed according to the 
side on which the wind blows. The matting also serves 
for protecting the bricks against the rain, whilst the 
kiln is being built up. A shed, or hangar, is put up on 
each fide <f£ the kiln, in order to contain the peat turf, 
or to shelter the fire-tender, and to preserve the fires 
against the effects of wind. Such being the practice 
▼ith regard to roofing, when the bricks are put into the 
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kiliij a layer, or sometimes two layers, of burnt bricks 
is placed on the lloor, laid lengthwise, about three- 
quarters of an ineli from each other, and so as to sloj)e 
a little from the parallel of the walls, that they may 
the better support the upper rows, which are always 
laid parallel to the w^alls. This layer is covered with 
old rush mats, on wliich are arranged the dried bricks, 
wdiich are laid without intervals between them. It is 
said that the mats serve to prevent the humidity of the 
soil from penetrating to the bricks while the kiln is 
being filled, which generally takes from about three 
w'eeks to a month. This row of burnt bricks is so 
l)laced as to leave channels or flues of communication 
■with corresponding openings in the kiln walls. Six 
layers of dried bricks having been put down, the next 
three rows are made to jut over, so as to shut up the 
channels or flues. The layers are thus carried up to 
about forty-five in number, the last two being of burnt 
bricks, though in some kilns four layers of burnt bricks 
are used for closing in. The crevices are secured with 
brick earth or clay, on which sand is put ; the door of 
the kiln is then closed with one or two thicknesses of 
burnt brick, then an interval of about 10 in. or 12 in. 
filled in with sand, and this secured with w'alling, and 
by a Avoodeu strut. The object of the sand is to prevent 
any of the heat from escaping through the crevices. 

It is to be remarked that, in laying the bricks in the 
kiln, as they are laid down, a cloth is put over them 
and under the feet of the workmen, so as to prevent any 
of the sand which might fall off, from getting down 
and blocking up the interval or interstice which natu« 
rally remains between each brick, and so interrupting 
the passage of the flame, and causing an unequal heat 
or combustion in the kiln, 

The kiln being filled, a sufficient quantity of peat turf 
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is introduced into the flues, of which one end is closed 
up with burnt bricks, and the turf is set fire to. The 
turf used is from Friesland, which is reckoned better 
than Holland turf, being lighter, less compact, and less 
earthy, composed of thicker roots and plants, burning 
quicker and with plenty of flame, and leaving no ash. 
The general time in Holland during which the supply 
of turf by the flues is kept up, is for about four-and- 
twenty hours, taking care at first to obtain a gradual 
heat, and supplying fresh turf about every two hours. 
The fireman, by praetice, throws the turfs in through 
the small fire openings, and as far in as he judges 
necessary. When one side has thus been heated, the 
flue openings are closed, and the other ends opened for 
four-and-twenty hours, and supplied with fuel; and this 
alternate process is kept up for about three or four 
weeks, the time necessary to burn large bricks. In 
some kilns, however, the fire is kept up for five or six 
weeks, depending upon their size and the sts^e of the 
weather. A fortnight or three weeks i^' however, 
sometimes enough for the clinkers. / 

The burning having been concluded, about three 
weeks are allowed for cooling. It generally happens 
that the mass of brick sinks in in some places, arising 
partly from the diminution of volume produced by 
burning, and partly from the melting of some of the 
bricks which have been exposed to too great heat. 

The quality of the bricks depends upon the degree 
of burning to which they have been subjected. Those 
from about a third from the middle of the top of the 
kiln, or near the centre, are black, very sonorous, com¬ 
pact and well shaped, breaking with a vitrified fracture, 
^hese are generally employed for cellars, reservn/rs, 
and cisterns, and are most esteemed. 
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III.—TILES. 

The tiles manufactured in Holland are flat, hollow, S 
shaped, or with a square opening in the middle to let 
iu a pane of glass, being much used for lighting lofts 
and garrets all over the Low Countries. They are 
either red, grey, or blue, or glazed on one side only. 
The flat paving tiles are about 8^ in. square by 1 in. 
thick; they are used principally for cisterns and for 
bakers’ ovens. The clay for tiles, it is to be noted, is 
in all cases more carefully prepared than that for bricks, 
being ground up wet in a pngmill or tub, with a shaft 
carrying half a dozen blades. By this means, roots, 
grass. See., are got rid of. The clay comes out of the 
pugmill of the consistence of potters’ clay, and is kept 
under a shed, where it is kneaded by women, with their 
hands, to the rough form of a tile, on a table dusted 
with sand. These pieces are carried off to the moulders, 
who are two in number, a rough moulder and a finisher. 
The tiles are then dried under sheds, and afterwards in 
the sun. With regard to the flat paving tiles, they are 
at first rough-moulded about an inch larger than the 
subsequent size, and a little thicker, and then laid out 
to dry under a shed, until sueh time as the thumb can 
hardly make an impression on them. They are then 
taken to a finishing-moulder, who, on a table quite level 
and slightly dusted with sand, lays one of the tiles, and 
strikes it twice or thrice with a rammer of wood larger 
than the tile, so as to compress it. He then takes a 
mould of Avood, strengthened with iron and with iron 
cutting edges, and puts it on the tile which he cuts to 
the size. The mould is of course wetted each time it is 
used. The tiles are then regularly dried. In Switzer- 
and and Alsace an iron mould is used. 
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IV.—TILE-KILNS. 

The tile-kiln is generally within a building, and about 
16 ft. long (in ordinary dimension), 10 ft. wide, and 
10 ft. high. The walls are from 4^ ft. to 5 ft. thick, 
secured outside with great beams, and so secured to¬ 
gether as to form a square frame. Some of the largest 
of them are pierced with four flue-holes, as in brick¬ 
kilns ; but the flues are formed by a series of brick 
arches, about 2^ ft. wide by 16 in. high. The opening 
of the flue-hole is about 10 in. by 8 or 9 in. high. On 
their upper surface, these series of arches form a kind 
of grating, on which the tiles are laid. The kiln is 
covered in at top with a brick arch, pierced with holes 
of different sizes! The kilns are charged from an open¬ 
ing which is constructed in one of the side walls, which 
opening is, of course, during the burning, blocked up 
and well secured. The fuel used is turf, as in the brick¬ 
kilns, and the fire is kept up for forty hours together, 
which is considered enough for the burning. Three 
days are then allowed for cooling, and they are after¬ 
wards taken out of the kiln. Those tiles which are to 
be made of a greyish colour are thus treated. It having 
■been ascertained that the tiles are burnt enough, and 
while still red hot, a quantity of small fagots of green 
alder with the leaves on is introduced into each flue. 
The flue-holes are then well secured, and the holes in 
the roof each stopped with a paving tile, and the whole 
surface is covered with 4 in. or 5 in. of sand, on which 
a quantity of water is thrown, to prevent the smoke 
from escaping anywhere. It is this smoke which 
gives the grey colour to the tiles, both internally and 
externally. The kiln is then left closed for a week, when 
the sand is taken off the top, the door and roof-holes 
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arc opened, as also the flue-holes, and the charcoal 
produced by the fagots taken out. Forty-eight hours 
after, the kiln is cool enough to allow of the tiles being 
taken out, and the kiln charged again. Whenever any 
of the tiles arc to be glazed, they are varnished after 
they are baked; the glaze being put on, the tiles are 
put in a potter’s oven till the composition begins to 
run. The glaze is generally made from what are called 
lead ashes, being lead melted and stirred with a ladle 
till it is reduced to ashes or dross, which is then sifted, 
and the refuse ground on a stone and resifted. This, 
is mixed with pounded calcined flints. A glaze of 
manganese is also sometimes employed, which gives a 
smoke-brown colour. Iron filings produce black ; 
copper slag, green ; smalt, blue. The tile being wetted, 
the composition is laid on from a sieve. 

The manufacture of tiles, as already observed, is 
principally carried on near Utrecht, in the province of 
Holland, which, like most of the great cities of Hol¬ 
land, has facilities for the transportation of its produce 
by water communication all over the country. 

Gouda is a great seat of the pottery and tobacco-pipe 
manufactures, of which formerly Holland had a virtual 
monopoly, with regard to foreign trade, exporting largely 
Delft ware, Dutch porcelain, tobacco-pipes, bricks, 
Flanders’ bricks, painted tiles, and paving tiles. The 
manufacture of painted tiles, for the decoration of the 
old fireplaces, was very extensive; and an infinite variety 
of designs, principally on Scripture subjects, employed 
many humble artists. This, however, is almost of the 
past. The manufacture of tobacco-pipes was another 
great business, suitable to the consumption of tobacco 
by the Netherlanders. Gouda alone had, at one 
time, as many as 300 establishments for the pro- 
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duction of this article of trade. The manufacture of 
tobacco-pipes is still a large manufacture in England, 
much more considerable than is generally supposed; 
while manufactures of bricks and porcelain constitute a 
staple means of employment for many thousands ol 
our population 

A great part of these descriptions, it will be seen, 
strictly apply to our own practice, and are trite enough 
and trivial enough*; but in matters of this kind, there 
is nothing lost by being too minute, and it is always 
safe. In the present case, it is worth knowing these 
things, for the sake of knowing that there is no 
difference. 


CHAPTEE III 

BEICKMAKING AS PEACTISED AT NOTTINGHAM. 

1. The mode of making bricks at Nottingham and 
the neighbourhood presents several peculiarities, of which 
the principal are:— 

1st. The use of rollers for crushing the brick-earth. 

2nd. The use of copper moulds. 

3rd. The hacking of the bricks under cover. 

2. The use of copper moulds is not confined to the 
^umediate neighbourhood of Nottingham, but has been 
'for some years gradually extending to other districts, 
aud will probably, sooner or later, become general 
throughout the country for the manufacture of superior 
qualities of bricks. 

3. It may be proper here to say a few words on the 
object of grinding the clay, so generally practised 
throughout Staffordshire, Derbyshire, Nottinghamshire, 
and Lincolnshire, and probably in many other places. 
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Ill many brickworks the earth used is not pure clay, 
but a very hard marl, which cannot be brought into a 
state of plasticity by the ordinary processes of weather¬ 
ing and tempering without bestowing upon it more 
time and labour than would be repaid by the value of 
the manufactured article. The expedient of grinding 
is, therefore, resorted to, which reduces the earth to any 
state of fineness required, according to the number of 
sets of rollers used, and the gauge to which they are 
worked, all hard lumps and pieces of limestone,* which 
would otherwise have to be picked out by hand, being 
crushed to powder, so as to be comparatively harmless. 

4. The advantages and disadvantages of the use of 
rollers may be thus briefly stated,— 

1st. A great deal of valuable material is used which 
could not be made available for brickmaking by 
the ordinary processes. 

2nd. The process of grinding, if properly con¬ 
ducted, greatly assists the operations of the 
temperer by bringing the earth into a fine state, 
quite free from hard lumps. 

On the other hand : 

The facilities afforded by the use of rollers for working 
up everything that is not too hard to be crushed by 
them, induce many brickmakers to make bricks without 
proper regard to the nature of the material. A common 
practice is to work the rollers to a wide gauge, so that 
comparatively large pieces of limestone are suffered to 
pass through without being crushed by them. Where 
this has been the case, it need hardly be said that the 
bricks are worthless. They may appear sound, and 

• It may be necessary to explain, that all pebbles and hard stones must 
be picked out by hand before grinding; where the brick earth used is 
much mixed with gravel, the only resource is the use of die wash mill. 
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may have a tolerable face, but rain and frost soon destroy 
them, and, in situations where they are exposed to the 
weather, they will become completely perished in a very 
few years. 

5. The following description of the mode of making 
bricks at Nottingham will apply pretty faithfully to the 
practice of the brick-yards for many miles round. It 
will, of course, be understood that in no two yards is 
the manufacture,carried on in exaetly the same way; 
there being differences in the designs of the kilns, the 
arrangement of the buildings, and other points of 
detail, whieh may be regulated by local circumstances, 
or which, from the absence of any guiding principle, 
may be left to ehance; the general features, however, 
are the same in all eases. 

6. Brick-earth .—The brickmakers of Nottingham 
and its immediate vieinity derive their supplies of brick- 
earth from the strata of red marl overlying the red 
sandstone on whieh the town is built, and which in its 
turn rests on the coal-measures, which make their 
appearance at a short distance to the west of the town. 

The banks of the river Trent present many good 
sections of these strata, as at the junction of the rivers 
Trent and Soar; where they are pierced hy the Red 
^ill tunnel, on the line of the Midland Railway; and 
at Radcliff-on-Trent, where they form picturesque cliffs 
of a red colour covered with hanging wood; and they 
are exposed to view in many places in the immediate 
vicinity of Nottingham, as in the cutting for the old 
road over Ruddington Hill, in the Colwick cutting of 
the Nottingham and Lincoln Railway, and Goose Wong 
Road, leading to Mapperly Plains. 

The marl abounds with loose and thin layers of skerry, 
or impure limestone, and in many places contains veins 
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of gypsunij oPj as it is called, plaster stone, which ar® 
extensively worked near Newark, and other places, for 
tlie manufacture of plaster of Paris. 

The water from tke wells dug in these strata is 
strongly impregnated with lime. 

7. The colour of the bricks made at Nottingham and 
in the neighbourhood is very various. Por making red 
bricks the clay is selected with care, and particular beds 
only are used. Por common bricks the earth is taken 
as it comes, and the colour is very irregular and unsatis¬ 
factory, varying from a dull red to a dirty straw colour. 
Some of the marl burns of a creamy white tint, and 
has been lately used with much success in making 
ornameutal copings and other white ware. 

8. In the manufacture of common bricks no care is 
taken in the selection of the clay, and it is worked up 
as it comes to hand indiscriminately, the great object 
of the manufacturer being to clear his yard ; the same 
price bein.g paid for all clay used, whatever its quality. 

Stones and pebbles are picked out by hand, but the 
pieces of limestone are generally left to be crushed by 
the rollers, and much bad material is worked up in this 
way which could not be made use of if the tempering 
were effected by treading and spade labour only. 

There are, however, many beds which are sufficiently 
free from limestone not to require grinding, and when 
these arc worked the rollers are not used. 

9. For front bricks, and the superior qualities, the 
clay is selected with more or less care, receives more 
preparation previous to grinding, is ground finer, and 
is sometimes left to mellow in cellars for a considerable 
time before using. 

10. Por making rubbers for gauged arches, the clay 
is carefully picked, and run through a wash-mill into 
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pits, where it remains until by evaporation and settle¬ 
ment it has attained a proper degree of consistency. 
The clay for this purpose is generally mixed with a cer¬ 
tain quantity of sand to diminish the labour of rubbing 
the bricks to gauge, the proportion varying according 
to the quality of the clay. The sand used for this 
purpose is the common rock sand, which burns of a 
red colour. 

11. The clay immediately near the town of Notting¬ 
ham is not well suited for making roofing tiles, the 
ware produced from it being generally very porous. 
This statement, however, is not to be taken without 
exceptions, as there is plenty of suitable clay for the 
purpose within a few miles' distance. 

12. The old houses in Nottingham are built with very 
thin bricks, much of the old brickwork gauging 10^ in. 
to 4 courses in height, including mortar joints. These 
bricks are of a dark red cqjour, and were from works 
that have been long since abandoned. The bricks now 
made are much thicker, the walls of many new build¬ 
ings gauging 21 in. to 7 courses in height, or about 
13J in. to 4 courses in height, including mortar joints. 
The common bricks are of a very uneven colour, which 
arises partly from the manner in which they are set in 
the kiln, and partly from the want of care in selecting 
the clay, and the quantity of limestone ground up with 
it. From this circumstance the fronts of many of the 
new buildings have a mottled appearance, which is 
extremely unsightly. 

GENERAL ARRANGEMENT OF A BRICKWORK. 

18. The brick-yards from which the town of Not¬ 
tingham is at present supplied are situated on the 
•10|>es of a small valley along which runs the public 
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road from Nottingham to Southwell, aud, being situ¬ 
ated on the sides of the hills, great facilities exist for 
draining the workings and for bringing the ground into 
cultivation again after the clay has been exhausted. 

14. The jiroprietor of a brickwork usually rents the 
required land from the owner of the soil, at a price per 
acre, and in addition to the rent pays for all clay dug, 
whatever its quality, at a set price per thousand bricks 
made and sold, exclusive of those used for the erection 
and repairs of the buildings and works. 



H 

.g 


.2 

I 

53 




AHT OP MARINO BRICRS ANO TILES. 


61 


15. The arrangement of the several buildings varies 
!rith each yard more or less'; but the principle on 
i»hich they are laid out is the same in all cases, viz., to 
advance towards the kiln at each process, so as to avoid 
all unnecessary labour. This will be understood by 
inspection of fig. 1, which, it must be understood, is not 
an exact representation of a particular brickwork, but a 
diagram to explain the principle of arrangement usually 
followed. The pits from which the clay is dug are at 
the rear of the works, and at some little distance from 
them is placed the clay-mill, which, to save labour in 
wheeling the clay, is shifted from time to time as the 
workings recede from the kiln by the exhaustion of the 
clay. This is, however, not always done, as, where the 
mill has been fixed in a substantial manner, the saving 
in labour would not repay the cott of re-erection. 

The hovel or drying shed generally forms two sides 
of a rectangular yard adjoining the public road, the 
kiln being placed as close to the hovel as practicable, 
and the working floors or flats in the rear of the latter. 
By this concentration of plan, the distance to which 
the bricks have to be carried between the successive 
pvscesses of moulding, drying, hacking and burning is 
reduced to a minimum, which is an important point to 
be attended to, as the raw bricks are shifted by hand 
and not harrowed. 

As it is not always possible to obtain a supply of 
water at those parts of the works where it is wanted 
to be used, a water-cart* is kept at some yards for this 
purpose, the supply being taken from a pond into which 
the drainage of the works is conducted. 

• The water-cart is seldom used, except where the water has to be 
fetcihed a considerable distance—indeed rarely, bat in times of drought. 
It if asually carried, in the yard, in buckets with yokes, as in the time of 
Fhanif^ 
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TIk; goods for sale are stacked in tlie open part of 
tlic yard as near the public road as practicable. 

10. ("lay-AJilL —Tlic rnacliiiicry used in grinding the 
clay is v('ry siinplc. The clay-mill consists of one or 
more pail’s of cast-iron rollers, set very close together 
in a horizontal position, and driven by a horse "who 
walks in a circular track, and, by means of the beam to 
which he is attached, puts in motion a horizontal bevelled 
driving-wheel iilaccd at the centre of the horse track. 
A horizontal shaft connected at one end with one of 
the rollers by a universal joint, and having a bevelled 
pinion at the other end, communicates the motion of 
the driving-wheel to the rollers by spur-wheels keyed 
on their axles. The clay is tipped in a wooden hopper 
placed over the rollers, and passing slowly between the 
latter falls on a floor about 8 feet below them, where 
it is tempered for the moulder. 

17. The common clay-mill has only one set of rollers, 
Imt the addition of a second set is a great improvement. 
In this case the bottom rollers are placed almost in 
contact with each other, and should be faced in the 
lathe to make them perfectly true. If only one set be 
used this is a useless expense, as the gauge to which 
they are worked is too wide for any advantage to be 
derived from it. 

18. Tigures 2, 3, 4 represent a one-horse mill with 
a single pair of rollers 18 in. in diameter, and 30 in. 
long, manufactured by Messrs. Clayton and Shuttle- 
worth, of Lincoln, who kindly furnished the drawings 
from which the engravings have been made. The 
detailed description of the several parts will be fotmd 
in art. 69. 
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no?!™ * ^*7.®'’'^ ““P'^ construction, and 

not ex^^ve, the cost when ready for fixing (exclusire 
of foundataons and brickwork) being £50. 

It cannot be too strongly insisted upon that the 

stones or clay from clogging the wheels, as whL this 
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is not done the machinery will unavoidably become f 
deranged in a very short time. 

19. In many yards, the horse-track is raised to the ^ 
level of the top of the hopper, so that none of the | 
machinery is exposed. A very good arrangement of | 
this kind is shown in fig. 5, of which a detailed descrip- ' 
tion is given in art. 69. 

20. The quantity of work performed will of course 
vary greatly, according to the distance between the 
rollers and the consequent fineness to which the clay is 
ground. One mill will grind sufficient clay to keep six 
moulders fully employed, and therefore there are very 
few yards in which the rollers are constantly in work. 

21. The length of time during which a clay-mill will 
last in good working condition is chiefly regulated by 
the wear of the rollers. If the iron is of very uniform 
quality, and care be taken to pick out all the pebbles 
from the clay, a pair of rollers will last many years. 

The other parts of the machinery will last with care for 
an indefinite length of time. 

22. Wash-mill .—The wash-mill is used only in the 
manufacture of arch bricks, and does not differ from 
that used in other places. The only one visited by the 
author consists of a circular trough, lined with brick¬ 
work, in which the clay is cut and stirred up with 
upright knives fastened to a horse-beam. From this 
trough, the slip runs through a grating into a brick 
tank, where it remains until by evaporation and settle¬ 
ment it becomes sufficiently consolidated for use. 

23. The Pug-mill is not used in the Nottingham* 
brick-yards; the tempering of the clay, after grinding, 
being effected by treading and spade labour. Instead 
of the clay being tempered directly after grinding, it is 

* It is, however, used in the neighbourhood. 
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sometimes deposited to ripen in damp cellars for a year 
or more. This is done for the best bricks only. 

24. The Moulding Sand used is the common rock 
sandj which burns of a red colour. In making white 
bricks this is a great disadvantage, as it causes red 
streaks, which greatly injure their colour. The sand is 
only used to sprinkle upon the table to prevent the clay 
from adhering thereto, and therefore sand with a sharp 
grit is preferred. 

25. The Moulding Table is shown in fig. 6. It is 

Fig. 6. 
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fiirnished ■with a sand-box, which is sometimes fixed to 
the table, as shown in the cut, and sometimes detached, 
and with a water-box, in which the moulder dips his 
hands every time he moulds a brick. In the operation 
of moulding, the moulder stands in front of the table, 
with the water-box immediately in front of him, the 
tempered clay at his right hand, and the sand-box at 
his left. A sloping plank is placed at one end of the 
table to enable tlie boy who brings the clay from the 
temperer to deposit it more conveniently on the table. 
The boy who takes olf the newly-made bricks, and 
brings back the empty mould, stands on the side of the 
table opposite the moulder, to the right of the water- 
box, in which he washes his hands after each journey, 
to prevent the clay from drying on them. 

The cost of a moulding table varies according to the 
care with which it is made. Such a one as shcovn in 
the cut will cost about 2()s., and will last, with occasional 
repairs, for several years. The part where the briclv is 
moulded soon becomes worn, and has to be- cased as 
shown in the cot. This casing c\tciui> oicr I'in. part 
where the brick is taken off by the carri-'r l>oy ; but, as 
the wear is not uniform over tbi,~. space, the easii.g is in 
two or more picce.s, the part uhere tin' brick n mtmhled 
wearing much faster than the otiicr-, and vciimriiig 
renewal sooner. 

It is of importance that the dripipings from the table 
should not fall on the drying floor, as they would render 
it .slippery and unfit for use; a rim is therefore placed 
at one end, and along a part of one side of the tunic, 
and the opposite side is furnished with a kind of squ'on 
and gutter, by means of wdiicb the slush is condnetod to 
a tub placed under one corner of the table, but which is 
not Bbown in the cut. 
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20. Brick Moulds .—Until lately the tooulds used 
wore made of wood, but these have been almost entirely 
superseded by brass, or, as they are technically called, 
copper, moulds. 


There are several 
different ways in 
which these moulds 
are made. Some¬ 
times the brass wmrk 
is merely an inside 
lining, screwed to a 
wooden mould; but 
the best construction 
appears to be that-, 
shown in fig. 7, in which the mould is of brass, cast in^ 
four pieces, and riveted together at the angles, the wood- 
Mmrk being in four distinct pieces and attached to the 
brass mould by the angle rivets. These moulds are 
costly, and formerly a paii’ of moulds cost £2, but they 
may now be had for £1 bs. the pair. 

It will be seen, by reference to the engraving, that the 
brass overlaps the woodwork all round the mould on 
each side, and these portions of the mould wear away , 
very rapidly, so that the bricks made at the close of the 
season are considerably thinner than those made at its 
commencement. This renders it necessary to renew the 
projecting rims from time to time as they become worn 
down with use, and this will require to be done every 
season if the mould has been in constant use. It is an 


Fig. 7. 



expensive operation, as the new rim has to be brazed on 
to the old part, and this must be done with great nicety, 
and so as to make a perfectly flush joint on the inside 
of the mould, or the latter would be rendered useless. 
The cost of plating a pair of moulds is nearly the same 
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as tlieir origifial co8t,-30«. being charged for the opera¬ 
tion, and therefore it would be preferable to use the 
moulds until they are quite worn out, and then to replace 
them with new ones. 

27. The use of copper moulds is confined to the 
making of building bricks, and quarries for paving 
floors, iheir weight and great cost preventing their 
employment for larger articles. 

28. The mould‘has no bottom as in the London 


practice, nor is it placed upon a raised moidding board 
as in Staffordshire; but rests on the moulding table 
itself, the top and bottom beds of the brick being formed 
at two distinct operations with a little instrument called 
*a plane. 

29. The Plane', fig. 8, is usually 8. 


made 9 in. long by 3 in. broad, 
with a handle at one end. Its use 
is to compress the clay in the 
mould, and to work over the top 
and bottom beds of the brick to 
give them an even surface. 



The strike is not used at Nottingham. 

The Flats, or working floors, are prepared with 
care, by levelling and rolling, so as to make them hard 
and even, and are laid out with a slight fall, so that no 
water may lodge on them. They are well sanded, and 
constant care is requisite to keep them free from weeds. 
Their usual width is about 10 yards. In unfavourable 
weather a single moulder will sometimes have as many 
as 7,000 bricks on the flats at once, for which an area 


of from 300 to 400 superficial yards will be required. 
This, however, is an extreme case, and in good drying 
weather a moulder does not require more than half that 
extent of floor, or even less than this. 
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31. T/ie Hovel, or drying shed, in which the bricks 
are hacked, is generally built in the roughest and 
cheapest manner possible, with open sides and a tiled 
roof, supported by wooden posts or brick piers; the 
width of the hovel is about 18 ft., or rather more than 
the length of a hack, but the eaves are made to project 
a couple of feet or so beyond this distance, in order to 
give additional shelter from the rain, for which reason, 
as well as for the sake of economy, the eaves are carried 
down so low as to make it necessary to stoop to enter 
the shed. 

Some of the hovels have flues under the floor, the 
fire-places being placed in a pit sunk at one end of the 
hovel, and the chimney at the opposite end. These 
flues are made use of when the demand for bricks is 
so great that sufiicient time cannot be allowed for dry¬ 
ing in the open air, and also during inclement seasons. 
The sides of the hovel are then walled up with loose 
brickwork to retain the heat. No specific rule can be 
given for the relative sizes of the hovel and the drying 
floor. The common practice appears to be to make 
them of the same length, which allows ample room, 
and enables the moulder to keep a portion of liis shed 
always available as a drying floor when the weather is 
too wet to allow of the bricks being laid out on the 
flats. When this is the case the moulder protects the 
raw bricks from drafts, by surrounding them with a 
skirting, so to speak, of planks. This is a very neces¬ 
sary precaution, for the currents of air from different 
parts of the shed would cause the bricks to dry im- 
equally, and they would crack and become unsound. 
Matting is frequently hung up at the sides of the hovel 
for this purpose, and is also much used in some yards 
to prevent the finer clays, when tempered, from drying 
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too rapidly where cellars are not provided for that 
purpose. 

32. The above description applies to the ordinary 
hovel, but the best front bricks are dried wholly under 
cover in a brick hovel inclosed by walls on all sides, 
and furnished with flues, by which the place is kept 
at a regular temperature. The expense, however, of 
conducting the whole of the drying under cover in 
this manner is too* great to allow of its general adop- 
tion. 


33. The clapper, fig. 9, 
is simply a piece of board 
12 in. by 6 in. with a 
handle on one side. It 
is used to flatten the sur¬ 
faces of the bricks as 


Fig.d. 



they lie on the floors, 
and the bricks are also 


beaten with it during the process of hacking, to correct 
any w'arping w'hich may have taken place in the first 
stage of drying. 

34. Dressing Bench .— ^'‘9- i"- 


Tig. 10. This is simply a 
stout bench, to which is 
fitted a plate of cast-iron, 
on which the best front 
bricks are rubbed or pjo- 
lished, to make them per¬ 
fectly true and even; the 
workman, at the same time. 



beating them with a wedge-shaped beater, tipped with 
iron, called a dresser, fig. 11. This operation toughens 
the brick, corrects any wari)ing which may have taken 
place, and leaves the arrises very sharp. 
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11- 35. Machinery for 

pressing Bricks. — In 
some yards screw 
presses are used for 
pressing front bricks, 
and with considerable 
success. It is, however, 
questionable whether 
they are as durable as 
those dressed by hana. In making machinery for this 
purpose the great desiderata are, 1st, to make the metal 
mould in which the brick is compressed so strong that 
it shall not spring on the application of the power; and, 
2nd, that the piston shall exactly fit the mould : when, 
from bad workmanship or long use, this is not the case, 
the clay is forced between the piston and the mould for 
a short distance, leaving a slightly-raised edge all round 
the side of the brick. 

36. We do not propose here to enter upon a com¬ 
parison of the respective merits of machine-pressed 
bricks and those dressed by hand. The operation of 
dressing on the bench requires an experienced work¬ 
man, whilst a common labourer can use. a machine. 
For this reason machine-pressed bricks can be pro¬ 
duced much cheaper than those dressed by hand, 
and there is little inducement to employ the latter 
process. 


37. Kiln .—The kilns vary considerably as regards 
their dimensions and constructive details, but they are 
all built on the same principle. 

The kiln shown in figs. 12, 13, 14, 15, 16, and 17, is 
a good one, though rather weak at the angles, and 
will convey an idea of the general construction. (See 
chap, ix.j page 210.) 
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Fig. 12. 



It consists of four upright walls, inclosing a rectangu¬ 
lar chamber. The floor is sunk about 4 ft. below the 
general surface of the ground, and is not paved. The 
doorways for. setting and drawing the kiln are merely 
narrow openings at the ends of the kiln, raised a step 
above the ground, and about 5 ft. from the floor. The 
fire-holes are arched openings opposite each other on 
the sides of the kiln, lined with fire bricks, which require 
to be renewed from time to time, generally every season. 
The width of these holes is reduced to the required space 
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by temporary piers of brickwork, so as to leave a 
narrow opening about 8 in. wide and about 3 ft. high. 
This will be understood by reference to fig. 12, in which 


Fig. 13. 



Fig. 14. 


1 


1 ^ 









Fig. 15. 



Fig. 17. 



the dark shading shows the fire-brick lining, and the 
unshaded parts the temporary piers. 

On each side of the kiln a pit is sunk to the level of 
the floor, and covered with a lean-to roof, which protects 
the ftiel and the fire-man from the weather, and prevents 
the wind from setting against the fires. The walls of 
the kilp are about 3 ft. thick, and are built of old bricks, 
rubble stone, and the refuse of the yard. No mortar is 
used, as the use of lime would destroy the brickwork. 
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under the intense heat to which the walls are exposed. 
The bricks are therefore set in loam or fire-clay, if it 
can be readily procured. The fire-bricks for lining the 
fire-holes are sometimes brought from Ilkeston, where 
excellent fire-clay is worked, but it is most common to 
make them at the yards with such clay as can be got 
in the neighbourhood, which answers pretty well. This 
clay is brought from the neighbouring collieries, and 
is obtained when sinking shafts; there is no fire-clay 
at any of the Nottingham yards. 

38. Instead of being built with walls of parallel 
thickness, resting on arches, as in the example just 
described, some kilns are built with walls of great 
thickness at bottom, and diminishing by set-offs until, 
near the top of the kiln, they are comparatively thin. 
Many kilns also are provided with massive buttresses 
at the angles, with the intention of counteracting 
the tendency which the walls have to lift themselves 
with the heat. 

Very great care is requisite in drying a newly-built 
kiln, or the walls will be cracked at the first firing, and 
the thicker the walls the greater the care necessary. 

39. So long as the brickwork is sufficiently thick to 
retain the heat, no purpose is attained by increasing 
the strength of the walls, unless they are made so 
massive that they are unaffected by the heat externally, 
and heavy enough to counteract the lifting cause by the 
expansion of the sides exposed to the fire. In the one 
case the walls expand bodily with the heat, forming 
large and dangerous cracks; in the other, separation 
takes place between the inside and outside of the walls, 
from the expansion of the parts most exposed to the 
heat, and the kiln soon requires relining. 

40. The kiln shown in figs. 12 to 17 is an example 
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Fig. 18. 



of the mode of building with walls of the same thick¬ 
ness to^ and bottom; that shown in fig. 18 is one of a 
more massive construction, and has buttresses at the 
angles. The upper part of this kiln is formed by build¬ 
ing, in a temporary manner, a thin parapet round the 
inside of the top of the walls, about a couple of feet in 
height. This expedient is often resorted to for the sake 
of increasing the capacity of a kiln at a small expense. 

41. Some of the kilns are provided with a flight of 
steps by which access is obtained to the top, in others 
ladders are used for this purpose. Many of the kilns 
have also a kind of light fence round the top, made of 
rough poles. This serves as a protection from falling, 
and as a scaffold to which screens may be hung in 
windy weather to keep the wind from setting on the 
t<^of the kiln. This fence is shown in fig. 2. The 
outside staircase is shown in figs. 1, 13, and 16. 

42. The sizes of the kilns vary considerably. A 
kiln such as that shown in figs. 12 to 17, 20 ft. long, 
10 wide, and 12 ft. high, will, with the addition of a 
parapet, burn 25,000 bricks at once, and will require 
rather more than that number of bricks for its erection. 
The cost of such a kiln would be from £20 to £30, the 
value of the materials being almost nominal. 

The capacity of a kiln may be roughly calculated on 
the assumption that ten bricks require a cubic foot of 
space in the kiln, but much, of course, will depend on 
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the nature of the clay and the amount of shrinkage 
before burning. 

<1:3. A M'ell-built kiln will last for many years with 
occasional repairs. 

PROCESS OF BKICKMAKING. 

44. Clay digging .—The clay or marl is^ or should be, 
dug in the autumn, and collected in large heaps at the 
bottom of the slopes, to be mellowed by the winter frosts. 
These heaps are shown in fig. 1. 

The cost of this operation varies from Is. to 1#. ^d. 
per 1,000 bricks, according to the labour of getting the 
clay, and the distance to which it has to be wheeled. 

45. Tempering .—In the spring the clay is turned over 
by spade labour, being at the same time well watered 
and trodden. The pebbles and large lumps of lime¬ 
stone are picked out by hand with more or less care. 
The prepared clay is then wheeled to the mill, and 
tipped into the hopper. Sometimes the clay, after* 
being ground, is at once tempered for use on the floor 
beneath the rollers; but for the best bricks, as before 
stated, it is allowed to remain in cellars to ripen for a 
year or more. 

46. The temperer is generally paid by the moulder, 
who contracts for tempering, moulding, and hacking at 
a price per 1,000. The cost of tempering for common 
bricks is about I5. Zd., exclusive of the cost of horsing 
the mill, which is borne by the proprietor of the yard. 

One temperer will keep one moulding-table constantly 
supplied, and will also assist the moulder in getting up 
his bricks from the floor. 

47. Moulding .—A suffleient quantity of clay having 
been prepared on the tempering floor, one of the 
moulder’s boys takes up as large a lump as he can 
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conveniently carry, and, placing it on his head, walks 
with it to the moulding table, and walking up the 
sloping plank, deposits it at the end of the table, to the 
right hand of the moulder at b, fig. 6. 

The moulder having sprinkled some dry sand over 
the part of the table marked D, takes from the heap of 
tempered clay a piece sufficient to make a brick, and 
kneads this clot with his hands on the sanded part of 
the tablCj so as to bring it approximately into shape. 
He then raises the clot in the air, and dashes it with 
some force into the mould, striking off the superfluous 
clay with his fingers. He then dips his hands into the 
water-box, and, with very wet hands, works over the 
face of the brick, so as to force the clay perfectly into 
the mould in every part. He next takes the plane and 
passes it backwards and forwards with considerable 
pressure, until the face of the brick is flush with the 
edges of the mould, and then, reversing the mould, 
planes the underside in the same way. The brick being 
moulded, the moulder slides it on the wet table to his 
left hand side, where it is taken off by a second boy, 
who carries it, mould and all, to an unoccupied part of 
the floor, where he turns it out carefully on one of its 
sid^, and returns with the empty moijld. Meanwhile 
the moulder has made another brick in a second mould, 
which is now ready to be taken off, and this process is 
repeated until the distance to an unoccupied part of 
the floor is too great to allow of the boys returning in 
time, and the table is then shifted to another part of 
the floor. 

48. Drying.—Miet the bricks have remained for a 
few hours in the position in which they were first placed 
on the floors, they are turned on their edges by a boy, 
who turns up two at once, one with each hand. They 
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remain in tins position a few hours longer, and are then 
laid flat on the opposite side to that on which they were 
first placed. Careful moulders sprinkle sand over the 
wet bricks as they lie on the floor, which absorbs the 
superabundant moisture, and renders them less liable 
to crack; but this is not always done. 

The new bricks sometimes also undergo a slight 
dressing with the clapper, to take off any roughness at 
the edges, and to correct any alteration of form which 
may have taken place on turning them out of the mould, 
and in some cases they are scraped with a small iron 
scraper, to remove any dirt that may adhere to them. 

After lying flat a few hours longer, they are carried 
by the boys, three at a time, to the hovel, where the 
moulder builds them into hacks 50 bricks long and 14 
courses high, each hack containing 700 bricks. As the 
bricks are hacked they are batted with the clapper, to 
correct any warping which may have taken place whilst 
lying on the floors. The bricks remain in the hovel 
without being again shifted, until they are ready for 
burning. 

49. The time allowed for drying varies with the 
weather, the size of the kiln, and the demand for bricks. 
Some brickmakers get the bricks out of the kiln within 
a fortnight of their leaving the moulds, but this haste 
is very prejudicial to the soundness of the bricks, and, 
as a general rule, three weeks is the least time that 
should be allowed for drying. 

The time that the raw bricks lie on the flats depends 
solely on the weather. In good drying weather the 
bricks are made one day and hacked the next j but at 
other times several days may elapse before they are fit 
for hacking. 

50. It is not very easy to separate the cost of hacking 
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from that of moulding, as both operations are per¬ 
formed by the moulder. The price for moulding, in¬ 
cluding tempering and hacking, is from 4«. Qd. per 
1,000, and upwards; 4«. 9d. is a common price. 
Where the clay is ground, the moulder pays for feeding 
the mill, but not for horsing it, this expense being 
borne by the proprietor of the yard. 

51. The above description refers to the ordinary 
mode of proceeding, but for facing-bricks additional 
processes are employed. Pressed bricks, as their name 
implies, are prepared by putting the raw bricks one at 
a time, when nearly dry, into a metal mould, in which 
they are forcibly compressed by the action of a powerful 
lever which forces up the piston forming the bottom of 
the mould. This gives a‘very beautiful face to the 
brick, and leaves the arrises very sharp, but bricks so 
prepared require longer time for drying and judicious 
management in the kiln, otherwise they will be un¬ 
sound, and when exposed to the weather soon become 
perished. 

52. Polished bricks, as they are called, are rubbed 
upon a bench plated with iron, to make their surfaces 
perfectly even, and are also dressed with a dresser, as 
be^e described. This process is only gone through 
with the very best bricks, and its cost is such that it is 
not employed to any very great extent. 

53. The contraction of the clay in drying is very 
slight, and no perceptible diminution of size takes 
place in burning if the bricks have been previously 
thoroughly dried. 

The brick moulds are made of different sizes at dif¬ 
ferent yards, their proportions having been altered from 
time to time, so as to increase the depths of the moulds 
at the expense of the other dimensions. 
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Wlien the thickness of a piece of brickwork is mea^ j 
snved by tlic number of bricks, as in house building, 
ami not by feet and inches, as in building the piers of 
bridges and other solid works, the number of bricks ; 
rc(|uired for tlie execution of a rod of brickwork is 
considerably reduced by a very trifling addition to the ; 
thickness of the bricks, and this is always an induce- I 
ment to purchasers to prefer the yards where the 
deepest moulds are used. " : 

Tlie largest common bricks now made measure, when ■ 
burnt, 94 in. long, 4f in. wide, and 3^ in. thick, or \ 
thereabouts; the size of the moulds being 9| in. long i 
by 4|| in. wide, and 3 f in. deep. These bricks weigh j 
about 7 lbs. 15 oz. when burnt. | 

The best red facing-bricks made at Mr. Wood^s yard, | 
in the Carlton Road, measure, when burnt, 9| in. long, ■ 
4i in. wide, and 3^1 thick. The moulds for these : 
bricks are 10 in. long, 4| in. wide, and 3g in. deep. 

54. A good moidder, if solely occupied in moulding, 
will turn out 3,000 bricks in a day, between 6 a.m. and 
6 P.M. ; but as nearly one-third of the moulder’s time is 
taken up with hacking, the average day’s work is not 
more than about 1,300 per day, or between 7j000 and- 
8,000 weekly. 

55. Burning .—The setting of the kiln is an opera¬ 
tion on which much depends, and requires to be done 
by an experienced hand, as there is a great deal of art 
in arranging the bricks in a proper manner, so as to 
allow the heat to be diffused equally through the kiln, 
and to afford a proper draught, so as to obtain the 
greatest amount of steady heat with the smallest ex¬ 
penditure of fuel. 

The lower part of the kiln is filled with common 
bricks, narrow openings being left, as shown by the 
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dotted lines in fig. 12, forming flues connecting the 
opposite fire-holes, the tops of these flues being formed 
by oversetting the bricks on each side till they meet. 
These flues are of the same height as the fire-holes. 

The best bricks* are placed in the middle of the kiln, 
and above thes^ again are placed common bricks up to 
the top. The bricks are not placed close together, but 
a spaqe, is left all round each brick to allow of the pas¬ 
sage of the heat round it ; the bricks in the successive 
courses being crossed either slantwise, or at right angles 
to each other. When a brick rests partly on others, 
and is partly exposed to the fire, the exposed part will 
commonly be found of a lighter red than those to which 
the fire has had no access, and this is one great cause 
of the mottled colour of the Nottingham bricks. When, 
therefore, it is wished to produce bricks of a uniform 
red tint, great care is taken to keep the faces and ends 
of the bricks in close contact, crossing them every few 
courses only. 

The kiln being topped, the doorways are built up with 
refuse brick and plastered over with clay, to prevent 
the admission of currents of cold air, and the fires being 
lighted^the heat is got up gradually, care being taken 
not to urge the fires, until all the steam is driven off 
from the bricks, and the actual burning begins. When 
the fire has attained its full heat, the fire-holes are 
partially stopped with clay, and the top of the kiln is 
covered over with earth, turfs, or boards, to check the 
draught, and a steady uniform heat is kept up until 
the completion of the burning, which generally occupies 
three days and three nights from the first lighting of 

* If tiles be burnt at the same time, which is frequently the case, as 
they cannot be burnt alone without great waste, tiiey take the same 
position in the kiln as dressed bricks. 
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the fires; at the expiration of which time the fire-holes 
are completely stopped, and the fires put out; after the 
fires have been extinguished, the kiln should be allowed 
to cool very gradually, as the soundness of the bricks is 
much deteriorated by the kiln being opened too soon; 
this, however, is a point not sufficiently attended to. 

56. The fuel employed is coal,* the quantityf used 
being about half a ton per 1,000 bricks, the exact 
amount depending on the quality of the fuel and the 
judicious setting of the kiln. The town of Nottingham 
being situated on the very edge of the Nottinghamshire 
coal-field, the cost of firing is very low, and excellent 
coal can be laid down at the yards at from 8s. 6rf. per 
ton upwards. The small coal or slack frequently used 
in the early stage of burning does not cost more than 
5s. to 6s. per ton. 

57. The colour and soundness of the bricks vary 
according to their position in the kiln and the intensity 
of the heat to which they have been exposed. Those 
nearest the fire become partially vitrified, and of a 
blackish tint. Those which have been more favourably 
placed burn of various tints according to the nature of 
the clay, from red to straw colour and white, and when 
struck together ring with a clear metallic sound. Those 
which are underburnt are tender, of a pale red colour, 
and give a dull sound when struck together. 

58. The cost of setting and drawing the kiln is gene¬ 
rally reckoned at Is. 6c?. per 1,000, this including 
stacking the bricks in the yard, or placing them in 
the carts of the purchasers. If, however, they are 

* Soft coal is preferred. 

t In some great yards a deal of coal is wasted on fhe top of the kiln. 
As the heat has always an upward tendency, this has very little effect oo 
the bricks, and a great deal of fftel is wasted in smoke and flam& 
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not for immediate sale^ an additional Qd. is charged for 
loading the carts. 

59. The labour in firing is reckoned at Is. per 

1 , 000 . 

60. At Nottingham, and at the yards in the neigh¬ 
bourhood, many varieties of brick are manufactured; 
as cant, or splayed bricks, for plinths; weathered and 
throated copings of several sizes; round copings; 
bricks with quartei'-round ends ; wedge-shaped bricks 
for culverts; compass, or curved bricks for lining shafts 
and wells, and also paving, roofing, and draining tiles 
of all descriptions. It is unnecessary to enter into any 
details on the manufacture of these articles, as they 
offer no particular points of interest. It may, however, 
be worth while to mention that the use of copper 
moulds is confined to the manufacture of those articles 
which are of a convenient size, and for which there is 
a large demand; the moulds for cant bricks, compass 
bricks, and other fancy articles for which there is only 
a limited demand, being made of wood. 

COST OF MANUFACTURE. 

61. Landj and Brick-earth .—The proprietor of a 
brickwork usually rents the necessary land at a price 
per acre, and in addition pays for all clay removed at a 
set price, whatever its quality. 

As the brick-earth is exhausted, or the workings 
reach an inconvenient depth, the ground is levelled and 
again thrown into cultivation. This is of course done 
at the earliest period possible; and in some cases the 
rental of the land is nearly made up by tlie profit de* 
rived from cultivating the site of the exhausted work 
ings, so that it is impossible to give an accurate estimate 



88 


RUDIMENTS OE THE 


of the proportion which the rental of the land bears to 
the total cost of manufoctnre, as it must vary widely in 
eacli particular case. This remark does not hold good 
with regard to the brick-earth, which is paid for at the 
rate of 8d. per cubic yard, or 2s. per 1,000 bricks, a 
thousand bricks requiring about 3 cubic yards of clay. 

It must be remembered that, as above stated, this 
price is paid for all clay removed, whether suitable or 
not for brickmaking. For common bricks the eayth is 
taken as it comes, good and bad being ground up to¬ 
gether ; the cost of grinding being less than the loss 
w'hich would result from the rejection of the inferior 
earths, which are often so hard, and contain so much 
skerry in pieces of all sizes from that of a walnut to that 
of a man^s head, that they could not be worked up by 
the ordinary process of tempering by treading and spade 
labour only. For front bricks and the best qualities, 
the clay is carefully picked, and the cost is propor¬ 
tionately increased thereby. 

No estimate can be given for the amount of land 
required for making a given number of bricks, as it 
depends on the situation of the yard and the depth, to 
which the workings can be carried. 

62. Buildings and Machinery .—From the circum¬ 
stance that in existing yards the buildings have been 
erected at different times without any very systematic 
plan, it is not very easy to ascertain what are the best 
relative sizes of working floors, hovels and kilns, or 
what extent of building and plant are required for 
working a yard to the greatest advantage. Unless the 
manufacture be conducted on a very large scale, the 
grinding-mill will, in most cases, be often unemployed j 
and the wash-mill being used only in the manufacture 
of arch bricks, it is only in the immediate neighbour- 




ART OF MAKING BRICKS AND TILES. 


89 


hood of a large town that a return for the cost of its 
erection can be hoped for. It will always be found an 
advantage to have sqi excess of shed-room rather than 
the contrary. 

63. The following rough estimate will give an idea of 
the buildings and machinery required for mounting 
a new yard, to produce from 40,000 to 50,000 per 
week 

1 clay-mill. 

120 yards lineal of hovel, 6 yards wide. 

1,200 yards superficial of working floor. 

This extent of hovel and floor will be sufficient for the 
operations of six moulders; and, taking the work of 
each moulder to average throughout the season 1,300 
per diem, the week^s work of the six moulders would 
produce 46,800 per week, or in round numbers 140,000 
every three weeks. 

This rate of production would render necessary two 
kilns, each to burn 35,000, and these kilns would be 
kept in constant activity, each kiln being fired twice 
every three weeks. 

64. For a yard in which it is proposed to make all 
kinds of brick ware additional buildings will be required, 
asiT— 

Cellars for ripening the ground clay ; 

A tempering shed, for tempering under cover; 

One or more drying-houses, provided with furnaces 
and flues; 

A wash-mill for running the clay for making rubbers. 

^ Besides the above erections, there will be required in 
all yards stabling to a greater or less extent; a cottage 
for the under-taker of the yard; and sheds and out¬ 
buildings for keeping tools, carts, and implements. 
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05. Tools. — The tools required by each moulder 
are :— 

A pair of brass moulds; 

A uiouldiug table, and appurtenances complete; 

A plane; 

A clapper. 

In addition to these implements a variety of other 
articles are required, as shovels, picks', barrows, planks, 
sand baskets, sieves, &c., whieh are kept in store by 
the proprietor of the yard, and supplied to the men as 
required. 

66. Labour ,—The proprietor of the yard finds all 
tools and implements, sand, and coals, and horses the 
mills. The general management of the yard is con¬ 
ducted by an under-taker, who superintends the yard 
and contracts with the proprietor for all the labour 
required in the actual manufacture, at a price per 
1,000 on the tale of bricks delivered from the kiln, 
the under-taker bearing all loss from frost, wet, or 
other causes. 

The under-taker sublets the moulding to a moulder, 
who contracts with him at a price per 1,000 to mould 
and hack the bricks ready for setting in the kiln; the 
moulder employing two boys to assist him in moulding 
and hacking, and also a temperer, who tempers the 
clay for him, and assists in getting up the bricks from 
the floor. The first turning over of the clay is per¬ 
formed by labourers, under the direction of the under¬ 
taker, who, with tlie assistance of a few boys and 
labourers, sets and draws the kilns himself, and attends 
to the burning, 

67. The actual selling price of bricks is regulated 
more by the demand and the amount of competition 
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than by the cost of their production. Good building 
bricks, made in copper moulds, may be had in INotting- 
ham at 25^. per 1,000; but a fair selling price may 
be considered as 28s. per 1,000, -vvliich may be thus 
subdivided;— 


Clay digging..per 1,000 

Turning over and watering clay and feeding mill „ 
Grinding 

Tempering for monliier . 

Moulding, drying and h.acking 
Setting and drawing kiln 
Burning. 


£ s. d, 
0 1 6 
0 0 8 
0 0 C 
0 0 4 
0 4 0 
0 16 
0 1 6 


Total cost of labour 
Coal, half a ton, at 10«. 

Gay . . . . 

Rent, tools, macMnery, and profit 


0 10 0 

0 ,5 0 

0 2 0 

0 n 0 


SoUiiig price at yard . . . ,, ISO 


This may be considered as the lowest price whicli 
will afford any profit to the proprietor of tliC yard, 
when proper allowance is made for depreciation in 
buildings and machinery, tools, repairs, and other 
contingencies. 

68. The relative value of the different qualities of 
brick may be thus stated;— 

£ d. 

Common bricks (the clay not picked) . . per 1,000 1 8 0 

Front bricks (made in copper moulds, the clay 

picked).„ 1 13 (I 

Polished bricks (made in copper nionJds, tlio 
earth selected with care, and the bricks 
dressed on a bow h). 


3 0 O 
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69. Reference to the Illustrations accompanying 

THE FOREGOING ACCOUNT OF BrICKMAKING AS PRAC¬ 
TISED IN Nottingham. 

Fig, 1. General view of a brickwork, showing the arrangement of the 
works, 

A. The face of the workings. 

B B. Heaps of brick-earth, dug in the autumn, to be worked up the 
following season, after being mellowed by the winter frosts. 

c. The clay-mill. 

D D. The working floors, generally made about 9 or 10 yards wide. 

E. Thehovel. This hovel is flued,—the door at the end of the hovel 
next the road is the entrance to the furnace pit; the chimney into 
which the flues are conducted is shown at the opposite end. In 
some drying houses the flues are made to return nearly to the 
furnaces belbre they are led into the chimney, so that the latter is 
close to the former. 

F. The kiln. This form of kiln is a weak one, and is liable to be 
split from top to bottom by the expansion of the walls, from the 
intense heat to which they are exposed. The reader will observe 
the steps and the wooden fence round the top of the walls, men¬ 
tioned in article 41, 

o. Goods for sale. 

This illustration is not an exact representation of any particular brick¬ 
work, but has been made up from the details of several yards, to show the 
principle on which they are laid out; which is, to save all unnecessary 
carriage of either brick-earth or bricks, from the time of first turning 
over the clay to the stacking of the finished bricks in the sale yard. 

Figs. 2, 3, and 4. CLiy-mill, with a single pair of rollers 18 in. 
in diameter, and 32 in. long, as manufactured by Messrs. Clayton and 
Shuttleworth, of Lincoln. The letters of reference are the same in each 
figure. 

«. Horse beam, 12 feet long, from centre of horse track to centre of 
driving wheel. 

b. Bevelled driving wheel. 

c. Pinion. 

d. Driving shaft, 1J in. diameter, 

e. Univ'ersal joint. 

//. Spur wheels, 

g g'. Cast-iron rollers 18 in. diameter and 32 in. long. The roller 
marked g’ is longer than the other, having a flange round each 
end by which the roller g is kept in its proper position. The 
roller marked g’ is connected by the universal joint e with the 
driving shaft d. 

h. Wooden hopper. 

i i. Cast-iron standards to support the hopper. 

A k. Axles of rollers. 
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/ /. Bearings for the axles k k. These bearings are made to slide 
on the bottom plate m, in order that the gauge of the rollers may 
be adjusted at pleasure. 

m. Bottom plate, on which the bearings rest 

n. Strengthening bar. 

0 0 . Adjusting screws, by which the rollers can be set to any gauge, 
according to the degree of fineness to which the clay is required 
to be ground. 

p. End beam of framing, 

q q. Sides of framing. 

r. Balance weight to horse beam. 

The rollei-s in this mill are not faced in the lathe, but they are cast 
upright in loam moulds^ which insures great accuracy in casting, and 
renders turning unnecessary, where only one set of rollers is employed. 
The arrangement of the rollers, when two or more sets are employed, is 
shown in chap, iv., figs. 1, 2, and 3, which shows the construction of the 
clay-mills used in St^ordshire. 

The temporary floor on which the clay falls after passing between the 
rollers is formed about 8 feet below them, and is inclosed on three 
sides with brick walls which support the wooden framework of the 
machinery. The clay is prevented from adhering to the surfaces of the 
rollers by strong knives fixed on their under sides. 

Fig. 5 is a diagram showing an improved arrangement of the ordinary 
clay-mill, in which the horse track is raised to the level of the top of the 
hopper, the whole of the machinery under the hopper being completely 
boxed up, so that no dirt or stones can lodge on the wheels. The driving 
wheel is placed in a circular pit lined with brickwork to keep up the 
horse track to the required height. 

Fig. 6. Isometrical view of a moulding table. 

A. Sloping plank, placed at one end of the table to enable the 
moulder’s boy to deposit the clay on the table. 

B. End of the table where the tempered clay is deposited. 

0. Sand box. This is not always fixed to the table. In many 
cases it is a detached box, on three legs, placed close to the 
moulding table. 

D. The part of the table on which the clot is moulded. 

B. The place where the clot is put into the mould. 

F. The water-box, in which the moulder dips his hands each time 
he moulds a brick. 

o. A slip of wood on which the plane rests in order to raise it from 
the table, that the moulder may take it up the more readily. 

H. The part of the table at which the brick is taken off. This part 
'of the table is always very wet, and tlie slush runs off into 

I. Gutter, to carry off the drippings from the table into a tub placed 
beneath it, but which is not shown in the drawing. If the water 

’ were allowed to run down on the working floor, the latter would 
soon become wet and slippery, and unfit for receiving the bricks. 

Fie. 7. Copper brick mould. 

This kind of mould is cast in four pieces and riveted together, the 
sides projecting half an inch beyond the ends. Each catting has 
A flange at top and bottom, forming a rim half an inch wide all 
round the top and bottom of the mould. These rims become 
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gniduallj worn down by the friction of the plane and the action of 
the moulding sand, and require replating from time to time. The 
expense of replnting with brass has induced a trial of iron rims, 
but they have not been found to answer. The outside of the mould 
is cased with wood, secured to the brass by the rivets. To give a 
hold to the latter, each pair is passed through a piece of sheet 
copper, as shown in the cut. 

The moulds for making quarries are somewhat different, two of the 
sides only being cased with wood, whilst tiie others are stiffened 
by strengthening ribs cast on the sides of the mould. 

Fig. 8. The plane. 

Fig. 9. The clapper. 

Fig. 10. Bench on which the best bricks are polished and dressed with 
a dresser, as described in art. 34. 

Fig. 11. The dresser. 

Figs. 12, 13, 14, 15,16, and 17. Plans, sections and elevations of a 
kiln. 

Fig. 12. Plan at level of floor, showing the firing sheds and fire-holes. 
The latter, in this example, are arched over, and are built of con¬ 
siderable width, which is afterwards reduced by temporary piers of 
brickwork. In many kilns, however, the fire-holes are made at 
once of the requisite width, and finished at top by oversetting the 
bricks on each side till they meet, instead of being arched over. 
The fire-brick lining to tlie fire-holes is indicated in the plan by a 
tint diirker than that of the rest of the walls. The temporary piers 
of brickwork are shown in outline only. These are pulled down 
whenever the fire-brick lining requires to he renewed. The floor 
of the kiln is not paved. 

Fig. 13. Plan, showing the roofs of the firing sheds (b b), and the 
ste])S (a) leading to the top of the kiln. 

Fig. 14. Cross section of kiln, taken through the firing sheds, and 
showing the construction of the fire-holes. 

Fig. 15. Longitudinal section, taken through the doorways at the 
ends of the kiln, and showing the appearance of the fire-holes in 
the inside. 

Fig. 16. End elevation of kiln, showing the doorway and the ends of 
the firing sheds, as well as the steps leading to the top of the kiln. 

Fig. 17. Side elevation, with the firing shed removed, in order to 
show the fire-holes. 

Fig. 18. Perspective view of a kiln. This kiln is built very differently 
from that shown in the previous figures, the walls being very massive 
at the bottom, and diminishing in thickness as they ascend. The 
angles are strengthened by buttresses. The doorways do not reach 
to the top of the walls, and are arched over, so that the latter form 
a continuous terrace all round the top of the kiln, on which a thin 
parapet is built up in a temporary manner, to increase its capacity. 
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CHAPTER IV. 

BRICKMAKING AS PRACTISED IN THE STAFFORD¬ 
SHIRE POTTERIES. By R. Pkosseb, C.E. 

1. Bricks .—There , are made in this neighbourhood 
the following sorts of bricks for building, viz., red, blue, 
and drab, and also a blue brick used as a paviour for 
footways, which brick is called a dust brick, from the 
circumstance of coal dust being used when it is moulded. 
When fired it has a smooth and somewhat glossy sur¬ 
face, and being very durable is extensively used as a 
paviour. 

2. The drab brick is used to a limited extent for 
building, but more generally as a fire-brick by potters 
and iron-masters; it is, however, inferior to the Stour¬ 
bridge brick, the latter being used where intense heat is 
generated. 

3. Tiles .—There is a variety of other articles made 
in the brick-yards of this locality, as, roofing tiles in 

-.several varieties, tubular drain tiles from 3 in. to 16 in. 
meter, and generally 18 in. long; also floor tiles or 
c uarries both red and blue, the latter resembling the 
blue brick. 

4. Clay .—The blue colour is obtained from the same 
clay that fires red by additional heat being generated 
when blue is required, at a cost of half a ton more coal, 
and two hours more time allowed per oven. The clays 
or marls are selected for the purposes to which they are 
best adapted, and an extensive supply of the best quality 
for red is procured at Cobshurst, about two miles south 
of Longton (which marl is used to make the red orna- 

H 
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mental and encaustic tiles^ now so mucli admired, and 
wliicli are extensively made by Messrs. Minton and Co., 
of Stoke-upon-Trent). Marls and clays suitable for 
brickmaking are plentiful, and of several varieties, in this 
neighbourhood, but the most extensive bed of red marl 
runs in an almost unbroken line through this country 
from south to north, and generally west of the great 
coal-field, and is worked with the same results at 
Stourbridge, Tipton, Hanford, Basford, Tunstall, and 
other places. A reference to a map of the.country 
will show the peculiarity of this long bed of stratified 
marls. 

5. In the pottery district there are about ten distinct 
sorts or strata. The following names are given to the 
seven sorts most used; and their position with relation 
to the eartVs surface is shown by the order of their 
names here given. 

Top red marl, dun coloured, top yellow (rotten red, 
not used), mingled, bottom yellow, brown, and bottom 
grey. 

Seven of these marls vary but slightly in their 
chemical composition, and, when used, three sorts at 
least are generally mixed together. (For an Analysis 
of the above-named marls, see Table 1, art. 37.) 

In this locality there is a very favourable combination 
of circumstances for the manufacture of ornamental 
bricks for architectural decorations; and were arclii- 
tects to give the subject their attention much might 
be done. 

6. The following description of the process and cost 
of brick and tile-making will apply, first, to the make 
of bricks, &c., upon the property of the manufacturer; 
and, secondly, to the make of tiles, &c., at a yard which 
is rented. 
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FIEST EXAMPLE.—ERICKMAKINO. 

7 . Buildings and Plant, —This yard, with the ground 
opened for work, has an area of about 6 acres, and has 
the following buildings and machinery upon it, viz.:— 

A 5-horse power steam engine ; A png-mill; 

A set of horizontal rollers ; Six drying-houses j 

(Three pairs to the set, placed over And nine ovens, 
each other). 

The drying-houses measure 40 yards in length, by 8^ 
yards in width, and have two flues under the floor 
through their entire length. 

At times they fire these nine ovens in one week; 
and if used exclusively for bricks, each oven could 
be fired five times in a fortnight. Besides bricks, the 
following goods are made at this yardpipe tiles from 
3 in. to 16 in. diameter, roof and ridge tUes, quarries, 
dust bricks, &c. 

8. Rate of Production. —Provided the make were 
confined to bricks, with these conveniences they would 
make 100,000 weekly during the usual brick season, 
v^ich at the present selling price for red and brindled 
bricks, £1 12s. per 1,000, gives a weekly produce 
value £162 IQs. 

9. Tempering. —The marls used at this yard answer 
to the description previously given. Their average con¬ 
traction when mixed is 1 in 10 ; that is, a 10-in. mould 
gives R 9-in. brick when fired, although some of the 
rarieties used separately contract 1 in 6. The marls 
are dug and wheeled two runs for ^d. to 7d. per cube 
yard, the price depending upon the difficulty of digging. 
The marl is then placed in a hopper over the topmost 
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rollers, and passing successively through the three pairs, 
is deposited on a lloor about 8 ft. below the hopper. 
The marl is then wheeled away, and some three or more 
sorts mixed together with a jwoper quantity of water, 
by spade labour (for the quantity of water in the marl 
when dag, see Analysis, Table 1, art. 37). The mixed 
marls, if wanted for tiles or dust bricks, are now passed 
through the pug-mill; but if required for ordinary 
bricks, the ground marls are mixed with marls that 
have been weathered but not ground. Lastly, the marl 
is tempered by spade labour until the proper degree of 
plasticity is obtained. 

10. Moulding .—The bricks are moulded by what is 
called the slop-moulding process at the rate of 3,000 
per day.* The price paid for tempering and moulding 
is 5 ft. Qd. per 1,000. The process is as follows: the 
temperer wheels the prepared marl in a barrow up a 
plank, and empties it upon the moulding table. The 
moulder having sprinkled sand upon the moulding 
board, and upon that part of the table where the clot 
is moulded, takes as much clay as will fill the mould, 
and by a quick roll and a tap gives the clot an approxi¬ 
mate form to the mould j he then lifts trp this lump of 
clay about 13 in. high, and with force throws it into 
the mould, pressing it down with both hands to fill all 
the cavities, and strikes off the surplus with a wooden 
striker, which he throws into a small water-box in front 
of him after each time of using.f An attendant boy, 
who has previously dipped a mould in a water-trough 
by the side of the table, places it on the table ready for 
);he moulder, and carrying away the moulded brick 

• Id the neighbourhood of Nottingham, where the bricks are not strieken, 
i(ut planed, the rate of production is only 2,000 per day.—Eo. 

t See chap, iii., art. 47. 
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in the mouldy carefully empties it on its flat side on 
the floor; these operations are repeated until the floor 
is filled, when the moulding-table is removed to a 
second floor. 

11. Drying .—The floors are of different sizes; a con¬ 
venient size is 25 yards in length by 6 yards in breadth, 
upon which they will lay 3,000 bricks. Here they are 
allowed to dry unjil sufficiently hard to handle and place 

. in hacks, the length of time depending upon the weather. 
In quick drying weather they will remain half a day as 
deposited from the mould, and half a day turned upon 
edge, and afterward they are placed up in hacks, where 
they remain until placed in the oven. 

12. An ordinary blue brick weighs, wet from the 
mould, 12 lbs. 4oz.; when fired it weighs 8 lbs. 1 oz., 
having lost by evaporation in drying and burning 4 lbs. 
3 oz., or 34 per cent, of its original weight. 

The specific gravity of an ordinary blue brick 
in the wet state from the mould is . . . 2,171 

In the dry state, ready for the kiln . . 2,075 

And when burned, the specific gravity is . 1,861 

The Table on the next page shows the amount of 
evaporation during the process of drying. 

The total loss of weight in drying and burning is as 
follows:— 


196 ounces, the weight of a brick wet from the mould. 
46 ,, „ lost by drying, or 23^ per cent. 


150 „ „ dry ready for the kiln. 

21 „ „ lost in burning, or 14 per cent. 


129 


of an ordinary blue brick. 


13. Burning .—The ovgn is of a circular form, with a 
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spherical top, and will contain 8,000 bricks, which are 
so placed as to allow a space between the sides of each 
for the action of heat, and an equal diffusion thereof. 
When the oven is full, the clammins or doorway is made 
up, and the fires kindled and kept burning 36 hours for 
red, and 38 hours for blue bricks, consuming 3^ tons of 
coals for the former, and 4 tons for the latter. The 
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expense of setting, firing, and drawing an oven of 
8,000 bricks is as follows: labour 12s., and coals 
£1 16s. 

14. Cost of Manufacture. —The details of the cost of 
manufacture are as follows :— 

& .s. d. 

Clay getting . . . . . , per 1,000 0 2 0 

Tempering and moulding . . . ,, 0 5 0 

Setting oven, firing and drawing . . ,, 0 2 0 

‘Coals, 4 tons at 9s. Od., divided amongst S,000 , , 0 4 0 

Eent, machinery, clay, contingencies, and profit ,, 0 19 0 

Present selling price for ordinary red bricks ,, I 13 0 

15. Rental. —Brick-yards with mine,? of niarlg arc .set 
with the following appendages, viz.: 1 oven, ruoulding 
or drying-house, and pug-mill, with a breadth of brick 
floor and marl bank sufficient to work one oven for £30 
per annum ; if two ovens are worked in the take, they 
are set at £25 each. 
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DESCRirTION OF ILLUSTRATIONS. 

IG. Fif/s. Ij 3, 3, Machine, vnth three pairs of Rollers, 
for grinding Marl. 

Fig. 1. Side elevation. 

Fig. 2. Front elevation, with the gearing removed. 

Fig. 3. Elevation of gearing, No. 1 being the driving wheel. 
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17. Fig. 4. Isometrical View of a Moulding Table. 



A. Sand basket. b. Detached water-box. c. Moulding board 
D. Water-box. e. Clay knife. 

In the process of moulding the moulder takes in his hand, from the 
basket, a portion of sand, and dusts upon that part of the table where he 
rolls the clay into the form necessary to mould; also upon tne moulding 
board. The water-box or trough, b, is used by the boy to wash the mould 
in, and is lower than the table, so as to be convenient for that purpose. 
The water-box, i>, is level with the table, and is used to throw the strike 
in after each time of nsing. 


18. Fig. 5. Isometrical View of a Brick Mould. 



N.B. The mould is made of oak, the edges plated with iron. 
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Fig. 8. Elevation. 




SECOND EXAMPLE.-TILE MAKING. 

20. At Basford there is an extensive hill of good marls 
from which eight brick-yards are supplied (working four¬ 
teen ovens), some of which have been in work for forty 
years. The makers are subject to the rental stated in 
ari, 15. The leading article made at these yards is roofing 
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tiles ; besides which are also made some quarries, da8t<> 
bricksj drain tiles, and just so many common bricks as are 
necessary for the manufacture of tiles, it being necessary, 
in order to set tbe oven properly, to burn 2,000 bricks 
with every oven of roof tiles, as will be hereafter ex- ; 
plained. The process of tile making here is as follows :— 

21. Weathering and Tempering .—The marl is dug | 
and spread upon slopes of this hill (which has a south¬ 
east aspect) to weather; the length of time depends 
upon the quality of the air; a hot dry summer’s day will 
do good service, and three or four such days would 
enable the makers to collect a thin surface in a work¬ 
able condition. Frosty weather, provided it be dry, is 
preferred ; wet, and alternations of wet and dry, retard 
the process of what is termed weathering. During ? 
hot dry season marl can be dug, weathered, and mads | 
in one month, and this is frequently done. At the yards | 
here referred to, the workers collect their marls, so 
weathered, at the foot of these slopes, and mix them 
with a qirantity of water. That to be used for tiles is 
plaeed in the pug-mill, and about 1 cube yard per hour 
is ground by one horse; and that used for common 
bricks is not ground, but simply mixed and tempered. 

The pug-mill consists of a wooden tub slightly 
tapered, the largest end being uppermost; it is circular . 
and about 6 ft. high and 3 ft. diameter at the top or 
largest end, in which a cast-iron spindle revolves, 
carrying a series of flat steel arms, arranged so as to 
form by rotation a spiral or worm-like motion upon the 
clay, which is thereby pressed from a larger to a less 
diameter of the tub in which the clay is confined, and 
ultimately comes oozing out of an aperture at the 
bottom: this operation kneads the clay, and more com- s 
pletely mixes it, giving it great cohesive power. This ^ 
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clay or prepared marl is now ready to make roof tiles, 
dust bricks, quarries, &c., and is wheeled away to the 
stock kept under cover for that purpose. The tiles, and 
all articles in the making of which coal-dust is used, 
are made in a building called by brickmakers the hovel 
or drying house: but they prefer placing their tiles 
when 'first moulded in the open air, weather permitting. 
The moulding of roofing tiles varies from that of bricks 
before described, principally in the clay being stiffer, 
and coal dust being thrown in the mould each time it 
is filled. 

22. Moulding .—The mould is 12 in. by 7| in. and 
^ in. thick, made of oak plated with iron. The moulder 
at his bench takes up a lump of clay, and works it by 
hand into an oblong square, somewhat less than the 
mould, say 11 in. by 7 in. or thereabout; the mould is 
placed upon the bench, and fine coal-dust thrown into 
it; the man then takes up the lump of clay in the right 
position for the mould, and throws it into it with con¬ 
siderable force; then, with a brass wire strained upon a 
wooden bow, cuts off the surplus clay level with the 
mould, removes the lump, and finishes moulding the 
ctay left in the mould by adding a little clay if it be 
wanted, and smooths it over with a wooden tool. By 
his side upon the bench he has two thin boards about 
the size of the moulded tile, their surfaces are dusted 
over with coal-dust; upon one of these he places the 
moulded tile, without the mould, the half circular pro¬ 
jections extending beyond the board; and so he repeats 
the process of moulding at the rate of from 1,300 to 
1,500 per day, adding more clay to his lump about every 
six tiles moulded, and in quantity about as much as the 
six tiles moulded. 

23. Drying .—The attendant boy carries away two 
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tiles at each time to the floor; he takes up one on tlie 
board, and by the thick part of the hand presses up the 
two projections at right angles with the face of the tile, 
and then places board and tile on his head, and takes 
up a second and operates upon this in like manner, as 
he walks to the floor, where he lays the two tiles, 
carrying the boards back to the moulding bench; and 
80 he repeats his operations. 

The tiles remain on this floor, out of doors in fine 
weather, about four hours; they are then collected and 
placed close together, the nib end changed altemalc^ly 
to allow of their resting close and square; in this state 
they are walled up in a dry but not hot situation, and 
so remain for a day or two: this is said to toughen 
them. 

24. The /Se/.—The next process is to give them a 
curved form, sometimes termed the set, which is done 
on a three-legged stool, called a horse, the top of which 
is a little larger than the tile, and is curved one way to 
about a 10 feet radius. With the horse is used a 
wooden block, curved to correspond with the surface of 
the horse. These implements are used as follows : six 
tiles are taken as last placed and put on this horse; the 
man lifts up the wooden block and gives them three 
sharp blows with it; they are then carried away and 
placed in an ingeniously built wall to complete the 
drying process (the wall built with the tiles to be dried), 
after which they are carried to the ovenj twelve at each 
time, in a peculiar manner, with the edges of the tiles 
against the breast of the carrier. 

25. Quarries and dust bricks are moulded in like 
manner from stiff clay, coal-dust being used to facilitate 
Iho articles leaving the mould. 

26. Drain Tiles .—Pipe drain tiles are made as foi« 
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lows: the clay is first moulded to the length, width, 
and thickness required, and then wrapped round a 
drum, the edges closed together by hand, the drum or 
mandril turned round, and the pipe tile shaped by the 
operator’s hand, assisted in some cases by a wooden 
tool: this is the mode of making pipe tiles from 3 in. 
to 16 in. in diameter, whether cylindrical, tapered, or 
egg-shaped. 

The usual length’is 18 in., and the diameter from 
3 in. to 9 in. They are sold at Id. per in. bore ; that is, 
a pipe 3 in. in diameter and 18 in. long, would cost at 
the yard 3d.; and a pipe 9 in. in diameter and 18 in. 
long, 9d. This price applies to cylindrical pipes without 
sockets. 

27. Tile Machines .—One of Ainslie’s machines has 
been introduced into this neighbourhood, upon the 
estate of the Duke of Sutherland, for making small 
tubular drain tiles, which makes two pipes 1^ in. in 
diameter at the same time. The prepared clay is forced 
through two dods to form the tubes, which are cut into 
lengths by wires afiBxed to the machine, and when 
partially dry are rolled straight by hand upon a flat 
Bu^ce, and then set up in racks to finish the drying 
process, 

28. Firing .—Firing the articles enumerated in the 
previous description requires much more care than 
firing bricks, and as roof tiles are the thinnest and 
require most care, the largest sized pipe tiles excepted, 
we shall describe firing an oven of such tiles. 

On the bottom of the oven are first placed 2,000 
bricks, as shown in fig. 13, and upon these are placed 
7,000 tiles, forming a square, the spaces between the 
tiles and the curved side of the oven being filled up 
with bricks, as shown in fig. 14. The tiles are placed 
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edgewise, in parcels of twelve, changing their direction 
eacli parcel of twelve. The nibs on the tiles space them 
oflP from each other, and support them in the vertical 
position; from this description, and a reference to the 
illustrations, it will appear, that the goods placed in the 
oven are in each case so placed as to allow the diffusion 
of heat between them) and as the uniformity of heat is 
tlie desideratum in firing blue bricks and tiles, the 
circular oven is found to answer better than any other 
at present in use. 

It is necessary to have a wall round the outside of 
the oven, about 6 ft. high, and at a distance therefrom 
to allow the fireman space to attend his fires conve¬ 
niently j this wall is dry built generally with imperfect 
bricks, and its use is to avoid one fire being urged more 
than another by the set of the wind, Avhich duty it 
performs tolerably well. 

The oven being set, the clammins (doorway) is made 
up with bricks daubed over with street sweepings as a 
loam ; then the fires are kindled, and are kept slowly 
burning for the first 5 hours, after which they are pro¬ 
gressively increased for the next 33, making 38 hom’s 
for hard fired blue tiles or bricks; four tons of coal 
being consumed in the firing. The heat is determined 
by the sight of the fireman directed to the mouths and 
top outlet of the oven. When the heat is obtained, and 
before the fires burn hollow, the mouths are stopped up 
with ashes to prevent the currents of cold air passing 
through the oven, which is then suffered to cool gradu¬ 
ally. An oven is usually fired once a week, but may be 
fired three times in a fortnight. After firing, twenty- 
four hours should be allowed for cooling before an oven 
is opened to take out the tiles. 

29. The following table shows the selling price per 
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1,000, and cost per superficial yard, of quarries, dust 
bricks, and roof tiles :— 


size. 

Price per 
1,000. 

Superficial mea- 
Per 

Price per j 
superficial 

in pence. 

Thickness. 

Descriplion. 

6 in. sq. 

35s. 

27-89 yards. 

15-00 

1 


7 

46s, 

37-80 „ 

14-59 

j 1 men jCiuarries. 

9 

80s. 

62-60 „ 

15-36 

li.. i 

! 

9X4J 

40s. 

51-25 „ 

14-33 

2 .. iDnsOiricl-e 

10 8X7 „ 

25s. 

58-33 „ i 

5-14 

j i. , 

Roof tiles. 1 


DESCRIPTION OF ILLUSTRATIONS. 

30. Fig. 10 . Isometrical Vieiv of a Bench for rnoidding 



A. Coal-dust box, 14 in. 

B. Moulding board, 14 ir 
c. The bovr. 


31. Fig. 11. Elevation, fthovnng the Manner in which 
the Tiles are placed during the last Druing. 
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33. Fig. 13. Tile Block and Horae. 



a. The block. 6. The horse, c Tiles. 


33, Fig. 13. Plan of Oven, as seen when eight courses 
of Bricks are placed edgewise. 



The eight rows of twelve bricks in each, as seen in plan, coyer a space 
left in continuation of flues from the eight fire-holes. The bricks in the 
first seven courses are so placed as to leave a flue of an average width of 
4 inches. The dotted lines show the position of the fire-holes. 
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84. Fig. 14. Plan of Oven, as seen when the first course 
of Tiles are placed upon the Bricks, as seen in 
Mg. 13. 



The tiles are placed in bungs of twelve, and laid alternately cross and 
lengthwise, the nib spaces them off, and supports them in a vertical 
position. Each side of the square is made up with bricks, as shown on 
the plan. 

>.-.,35. The manufacture of bricks, &c., for building and 
paving purposes, in a systematic manner, in suitable 
premises with improved conveniences, so that the opera¬ 
tives may be employed the whole of the year instead of 
a portion of it as now, is a subject deserving the atten¬ 
tion of the capitalist and inventor. Improvements in 
the quality and conveniences of this manufacture are 
intimately connected with the moral, intellectual, and 
physical condition of society, as may be seen by a visit 
to any ordinary brickyard, and a reference to the 
evidence before the Sanitary Commission. Where ex¬ 
tensive supplies of marls or clay are found, suitable 
works might be erected for such manufacture, could a 
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cheap and ready mode of transportation be commanded, 
so as to carry bricks, &c., a distance of 60 to 100 miles 
Avithout materially increasing their price. 

The railway chai’ges for the carriage of bricks are so 
high as to preclude any resort to this mode of transit, 
except for the better kinds, such as ornamental and 
facing bricks, which must of necessity be brought from 
a distance, where they cannot be produced locally j but 
stock bricks and the other commoner kinds are seldom 
carried far from their place of manufacture unless, as 
often happens, this is situate near a canal or other 
means of water carriage. 

Where these facilities exist the cost of carriage can 
be so considerably reduced, as compared with railway 
rates, that bricks can be, and' often are, sent con¬ 
siderable distances. The bulk of the building bricks 
used in the Metropolis are brought by barges in this 
way either by river from Sittingbourne, or by canal 
from other districts on the north and west of London. 

The great part now played by bricks and tiles in 
modern domestic architecture has led to great interest 
being taken in their manufacture, with the result that 
it has now reached a pitch of perfection never before 
attained. 



87. ANALYSES OF CL^TS, ETC. 

TABLE 1.— Analtub op Clats, Nos. 1, 2, 3,4, 5 and 6, from Basford ; 7 ai 
By F. C. Wbiohison, Esq., Birmingham. 
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e Clays in Table 1 arranged in the order of infiisibility, beginning with the most easily fnsible clay. 
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No. 5, Table 1, contains 42-84 per cent, silicic acid ; 
this requires, theoretically, 47-60 of alumina, or its 
chemical equivalent in other bases, to form a fusible 
compound ; it therefore contains only 3-31 per cent, 
excess of base. This is insufficient to prevent its fusion 
—a much larger excess ■\vould. No. 1 contains 22’59 
of base, -which requires 25-1 of silicic acid, therefore 
69-87 — 25-10 = 44-77 the excess of silicic acid, or 
uncombined silica in the clay, rendering it infusible. 

Analysis of Coal, called Norton Coal, used in the 
potteries for burning pottery and bricks ;— 

Carbon.S)'08 

Hydrogen. rri'4 

Oxygen.1 i ', 

Sulphur. I 

Nitrogen.'I! 

Ash.2'&7 


100-00 


Analysis of a porous substance which floats in water. 
It is a piece of a vitrified fort from Connei Feriw, near 
Dunstaffnage Castle, Scotland:— 


Alumina and peroxide of: 

Manganese . 

Water 


28-45 i 



BBICKMAKING ON THE SOUTH STAFFORDSmUE KAVtAVAV. 

38. The following additional particulars resjtccting 
brickmakiug in Staffbrd.shire were sent to the tiuthcr 
of this volume by Mr. J. L. Brown, of Furcwell, near 
lachfield, and are given in his own words :— 
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'‘The brickyard I visited is on the highway from 
Lichfield to Walsall, at a place called Walsall Wood; 
it is worked by Mr. George Brown, of the Sand Hills, 
near that place. Mr. B. has another brickyard in the 
neighbourhood, more extensive than the one I visited, 
and from these brickyards have been supplied all the 
bricks used for building the bridges, viaducts, cattle- 
arches, culverts, &c., &c., on the South Staffordshire 
Junction Bailway. 

“ The brickyard I visited has six kilns or cupolas, and 
three large moulding and drying-sheds for use in the 
winter season, each 40 yards long by 8 yards wide, 
having fire-places at one end, and traversed by flues, 
longitudinally, to a chimney at the other end. 

“ The material used is not a clay, but a friable kind 
of marl. The first stratum under the surface soil is 
about 4 ft. thick, very compact in body, and requires 
the pick to get it; it is of a purplish hue. This is suc¬ 
ceeded by a stratum, 3 ft. thick, of bright yellow-looking 
marl, equally intermixed with marl, of a bright scarlet 
colour, and afterwards, down to the depth of 20 ft., the 
purple-coloured marl comes in again. 

“ The earth in its raw state is drawn up an inclined 
plane on a common railway truck, by a steam-engine 
of 20-horse power, and at the top of the incline it tips 
itself into a hopper placed over the cast-iron rollers, 
between which the marl passes and comes down an 
inclined board, after being ground quite small. It is 
afterwards wheeled into heaps and tempered, and is 
then wheeled up an inclined plane of earth to the engine- 
house, where it is passed through vertical cylinders of 
cast iron, in the centres of which are revolving pistons 
armed with flanges, like the screw propeller of a steam 
vessel, which grind the tempered clay and force it 
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through holes in the bottoras of the cylinders to 
chambers beneath them, whence it is wheeled to the 
moulders. 

" They make red and blue bricks of the same marl, 
prepared in each case by rolling and grinding. To 
make the blue bricks, they keep the fires very much 
sharper and hottei’, which changes their colour, and 
seems to run or fuse the material more, giving them at 
the same time a shining appearance. They make very 
few red bricks. 

“ The price of the best bricks at the kiln is 30s. per 
1,000; common bricks, 25s. per 1,000. Plain-tiles 
for roofing, 28s. to 32s. per 1,000. They also make 
chimney-pots, pipes for the conveyance of water, splayed 
bricks, coping bricks, and bricks to any model.” 


CHAPTER V. 

BKICKMAKING IN THE VICINITY OF LONDON. 

1. For facility of reference, w'c propose to divide the 
subject under three heads, as follows ;— 

1st. Materials and Plant. 

2nd. Process of Manufacture. 

3rd. Cost of Manufacture. 

1. MATERIALS AND PLANT. 

2. Brick-earth .—Tlie bricktnakors in the vicinity of 
London at present derive their principal supplies of 
brick-earth from the alluvial deposits lying above the 
London clay, the blue clay not being used for brick¬ 
making at the present day. The general character of 
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the briek-eartli may lie described as being a gravelly 
loanij ])assing by fine gradations into either a strong 
clay or into marl, or, as it is technically called, malm, an 
eai'th containing a considerable quantity of chalk in fine 
particles. We may, therefore, for the purpose of descrip¬ 
tion, class the several qualities of brick-earth under three 
heads, as follows strong clay, loam, and malm. 

3. 1st. Strong Clay .—This is generally sufficiently 
free from stones to be used without washing, and the 
bricks made from it are hard and sound, but are liable 
to crack and contract very considerably in drying, and 
become warped and misshapen in burning. These de¬ 
fects are in a great measure removed by mixing the 
earth wdth chalk, reduced to the consistency of cream, 
as will be presently described, which greatly diminishes 
the contraction of the clay, and improves the colour of 
the brick. 

4. 2nd. Loam .—The loams are often so full of gravel 
that it is impossible to free them from stones, except by 
passing the earth through the wash-mill. The quantity 
of sand present in these earths renders them less liable 
to shrink and warp than the strong clays; but, on the 
other hand, the texture of the earth is so loose and in¬ 
coherent, that a mixture of chalk is necessary to bind 
the mass together, and to take up the excess of fusing 
silica in the process of burning. 

5. Srdt Malm .—This is an earth suitable for making 
bricks, without any addition, but there is very little now 
to be had, and for making the best qualities of bricks 
(or, as they are called, malms) an artificial malm is made, 

* It may be observed that this classification is such as would be best 
understood by the generality of readers, but would not be comprehended 
by most brickmakers, who class these three qualities of brick-earths as 
strong clay, mild clay, and malm. When the clays are strong, they are 
said, in brickmakers’ language, to h^foui. 
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by mixing together chalk and clay, previously reduced 
to pulp in tvash-mills. This pulp is run off into shallow 
pits, where it remains until, by evaporation and settle¬ 
ment, it has become of sufficient consistency for subse¬ 
quent operations. This process is adopted for the best 
qualities of bricks only, as the expense of it is very con¬ 
siderable ; and, for the commoner sorts, all that is done 
is, to mix with the loam or clay a sufficient quantity of 
malm to make it suitable for brickmaking: the quan¬ 
tity of malm required for this purpose varies, of course, 
according to the quality of the earth. 

6. It will be readily understood, from the above 
remarks, that the mode of preparing the clay differs 
greatly in different yards. The brick-earth (according 
to its quality) being used—- 

1st. Without either washing or maiming. 

2nd. It may be maimed, i.e., covered with artificial 
malm. 

3rd, and lastly. The bricks may be made entirely of 
malm. 

The second process is the most common, and we pro¬ 
pose, therefore, in the following pages, to describe the 
sdficessive operations of brickmaking as practised at 
those works where the loamy character of the earth 
renders the maiming indispensable. This will enable 
the reader to understand the first and third methods of 
treating the brick-earth without any further de^lription. 

7. The object of adding chalk to the clay is twofold. 
In the first place it acts mechanically, in diminishing 
the contraction of the raw brick before burning; and 
in the second place it acts chemically, as a flux during 
the burning, combining with the silica of the clay, so 
that a well-burnt London brick may be described as 
a silicate of lime and alumina, and, therefore, differs 
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greatly from an ordinary red kiln-burnt brick made of 
pure clay, without lime or alkaline matter, the silica 
and alumina of the brick-earth being, in the latter case, 
merely in mechanical and not chemical combination. 

8. Soil .—The process of maiming is not the only 
peculiarity of London brickmaking. Instead of the 
bricks being burnt in close kilns, as is the practice in 
most country yards, “clamping^^ is universally resorted 
to j and to render this effective, it is considered neces¬ 
sary that the fuel should be mixed up with the brick- 
earth, so that each brick forms, as it were, a fire ball, 
and becomes thoroughly burnt throughout, instead of 
being merely baked, as is the case in kiln burning. The 
fuel used in clamp burning is domestic ashes, or, as they 
are technically called, breeze. The ashes .are collected 
in large heaps, and sifted; the siftings, which are called 
soil, being mixed with the brick-earth, and thoroughly 
incorporated with it in the processes of soiling and 
“ tempering,^’ whilst the cinders, or “ breeze,^’ are used 
as fuel. A small quantity of coal and wood is also 
made use of in lighting the clamp. 

The soil, or sifted ashes, materially assists in pre¬ 
venting the contraction of the raw bricks whilst drying, 
and the sulphur contained therein appears to assist in 
colouring the bricks when burnt. 

9. Sand .—The moulding sand is brought, at a con¬ 
siderable expense, from the bed of the river Thames, 
near Woolwich. It is spread out to dry in the sun in 
thin layers, which are repeatedly raked over, so as to 
expose every particle in succession to the sun’s rays, 
that the whole may be perfectly dry when brought to 
the moulding stool. The moulding sand serves many 
useful purposes. It assists in preventing the contrac¬ 
tion of the clay, and gives a more durable surface to the 
bricks. It is indispensable to the moulder for pre- 
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venting the bricks firom sticking to his mould. It also 
prevents the bricks from sticking together on the hacks, 
and from breaking up into cracks and'flaws when cool¬ 
ing, after being burnt. Lastly, the salt in the river 
sand becomes decomposed in the burning, and assists 
in fluxing the brick-earth, and in giving the bricks their 
grey colour. Common sand burns of a red tint, and 
would injure the colour of the London bricks. 

10. General Arrangement of a Brichoork ,—This will 
be readily understood by reference to fig. 1. The brick- 
earth is turned over to receive the malm as near as 
possible to the clay pits. The clay and chalk mills are 
placed close together in some convenient position, so 
as to interfere with the works as little as can be helped, 
and the malm is conveyed from them to the heap of 
brick-earth, by -means of troughs or shoots supported 
on tressels. 

Close to the brick-earth, and immediately behind the 
moulding stool is placed the pug-mill, and in front of 
the moulding stool is the hack -ground, which should, if 
possible, be laid out with a gentle fall towards the 
clamps, which is placed at its furthest extremity. 
These arrangements are of course much modified'by the 
circumstances of the locality. 

11. The Chalk and Clay Mills .—These washing- 
mills are placed close together on a large double mound, 
sufficiently elevated to allow the malm to run down 
freely to the brick-earth. The chalk-mill is a circular 
trough lined with brickwork, in which the chalk is 
ground by the action of two heavy wheels with spiked 
tires, made to revolve by either one or two horses. The 
trough is supplied with water by a pump, the lever of 
which is worked by the machinery of the clay-mill, and 
u the chalk becomes ground into pulp it passes, by 
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means of a shoot, into the clay-mill. The clay-mill is 
also a circular trough, lined with brickwork, but much 
larger than that of the chalk-mill; and in this trough 
the clay is mixed with the pulp from the chalk-miU, and 
is cut and stirred by knives and harrows put in motion 
by two horses, until the whole mass is reduced to the 
consistency of cream, when it passes off through a brass 
grating into the troughs or shoots, and is conducted to 
the brick earth whifch has been heaped up to receive it. 
The machinery of the washing-mills is very folly de¬ 
lineated in figs. 2 to 10, and is described in detail in 
arts. 53 and 54. 

12. The Pug-mill .—The pug-mill used in brick¬ 
making is a conical tub, with its larger end uppermost, 
in the centre of which is a revolving vertical shaft of 
iron, to which are attached horizontal knives, inclined 
so that the clay is slowly forced downwards by their 
motion. The top and bottom knives are called force 
knives, and their use is merely to force the earth 
through the mill, and out at the ejectment hole j all the 
other knives are furnished with cross knives, which 
assist in cutting the clay, and breaking up any hard 
lumps that may not have been broken up by the previous 
wintering and turning over. ' In order to feed the mill, 
an inclined barrow-run is laid up to it, to enable the 
wheeler to tip the clay in at the top. 

The construction of the pug-mill is shown in figs. 11 
and 12. 

13. The Cuckhold, fig. 13, is an instrument for 
cutting off lumps of the tempered clay for the use of 
the moulder, as it is ejected from the pug-mill, and 
requires no particular description. 

14. The Moulding Stool .—The moulding stool is 
quite different from that used in most parts of the 
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country. It lias a rim at each end, to keep the moulding 
sand from falling off, and is provided with a stock-board, 
which forms the bottom of the brick mould, and with a 





page, which is formed with two rods of iron, iinilcd 
down at each end to the wooden rails on which they 
rest. The use of the page is to slide the raw bricks 
more readily from the moulder to the place from Avlicnce 
they arc taken and put upon the Jiack barrow by the 
"taking-off” boy. The moulder, when at work, stands 
K 
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Figs. 9 and 10. 




ol the stool, and the tempered clay nearly opposite to 
the moulder. There is no water-box, but a tub is placed 
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fig. 13. 



and close to tlie moulder’s left hand. These particulars 
will be fully understood by reference to fig. 13. and to 
the detailed description in art. 56. 
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15. The Brick Mould is made of sheet iron, in four 
pieces, riveted together at the angles, and strengthened 
with wood at the sides only. The bottom of the mould 
is detached, and forms what is called the Stock-board. 
See fig. 14. 


Fig. 14. 



16. The Stock-board is a piece of wood plated with 
Won round the upper edge, and made to fit the mould 
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Jiccurately, but easily. At each corner an iron pin is 
driven into the moulding stool, and on these pins the 
bottom of the mould rests, the thickness of the brick 
being regulated by the distance to which the pins are 
driven below the top of the stock-board. The hollow 
in the bed of the brick is produced by a rectangular 
piece of wood, called a kick, of the size and shape of the 
hollow required, which is fastened on the upper side of 
the stock-board. 

17. Hie Strike is a smooth piece of wood, about 
10 in. long by 1| in. wide and ^ in. thick, and is used 
to remove the superfluous clay in the process of 
moulding. 

The Pallets are pieces of board f in. thick, and of 
the exact width of the mould, but about | in. longer. 
Three sets of pallets, twenty-six in each set, are re¬ 
quired for each moulder at work. 

18. The Hack Barrow, figs. 15 and 16, is of a pecu¬ 
liar construction. It consists of a light frame, sup¬ 
porting a flat top of lattice work, on which the bricks 
are placed in two parallel rows, thirteen in each row. 
Three barrows are required for each moulder. 

19. The Hack Ground occupies the space between 
the moulding stool and the clamp. It should be well 
drained, and it is desirable that it should be on a slight 
fall towards the clamp, as this lessens the labour of 
wheeling. The foundations of the hacks are slightly 
raised. It is of importance that the barrow-runs be¬ 
tween the hacks should be perfectly even, as any jolting 
of the hack barrow would injure the shape of the raw 
bricks, which, when first turned out of the mould, are 
very soft. The hacks are placed 11 ft. apart, measured 
from centre to centre, their length varying according to 
the shape of the ground. It is very difiicult to say 
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Mig. 15. 



^iv'liat extent of hack f^ronnd slioiild ho allotted to ca( !i 
sinotilding stool, as this varies greatly in dillerent yard>. 
j III round numbers, the quantity of land required j'or a 
t brickwork may be stated at from 11 to 3 acres for each 
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being used. The vegetable mould and top soil having 
been wheeled to spoil, the brick-earth is turned up three 
or four spits deep, and laid on a level floor, prepared for 
the purpose, and banked round to prevent the escape of 
the malm in the process of maiming. 

21. The quantity of clay required per 1,000 bricks is 
variable, of strong clay more being required than of 
milder qualities. 

It is generally calculated that an acre 1 ft, deep, or 
about 1,600 cubic yards of clay, will make 1,000,000 
bricks, but strong clays will require from 182 to 200 
cubic yards per 100,000 bricks. For practical purposes 
the quantity may be thus approximately stated:— 
Strong clay 2 cubic yards per 1,000 bricks. 

Mild clay IJ cubic yard per 1,000 bricks. 

22. Maiming .—It has been before explained that the 
best bricks only are made entirely of malm, but tliat tlie 
process of maiming is resorted to for other descriptions 
of bricks, where the quality of the clay renders it unfit 
for brickmaking without this addition. It will, therefore, 
be readily understood that the quantity of malm mixed 
with the clay in the ordinary process of brickmaldug 
varies very considerably, so that it is impossible to 
say, d priori, what quantity of malm should be used, as 
this must be left to the judgment of the hrickmakcr in 
each particular case, according to the quality of the 
earth. 

To keep the washing-mills in full work are required— 
To the chalk-mill, 2 diggers and 1 wheeler. 

To the clay-mill, 4 diggers and 2 wheelers. 

The chalk-mill is worked sometimes with one, and 
sometimes with two horses. The clay-mill always re¬ 
quires two horses. No drivers are required. 



140 


RUDIMENTS OF THE 


The average work of the washing-mills, working 10 
hours a day, may be taken at about 12 cubic yards of 
malm,* or sufficient for making 6,000 malm bricks. 

The process of maiming scarcely requires description. 
Water having been pumped into the troughs, chalk is 
wheeled to the chalk-mill, and clay to the clay-mill, 
and the horses being driven round, the chalk is crushed 
and ground by the wheels, and runs through the outlet 
into the clay-mill, where both chffik and clay get well 
mixed by the harrows, the liquid malm flowing out 
through the brass grating to the shoots, by which it is 
conducted to the brick-earth. As the heap becomes 
covered the shoots are shifted, so that the malm shall 
be equally distributed over every part of the heap. 

When a sufficient quantity of malm has been run off, 
it is left to settle for a month or more, until it has 
become sufficiently consolidated to bear a man walking 
over it. As the solid portion of the malm settles, the 
water is drained off from time to time, and when the 
mass is sufficiently firm, the soiling is proceeded 
with. 

23. Soiling .—The proportion of ashes depends very 
much on the quality of the earth, but may be stated 
approximately at about 35 chaldrons for every 100,000 
bricks. The soil is laid on the top of the maimed earth, 
the thickness of the layer depending on that of the 
heap, about 3 in. of ashes being allowed for every spil 
of earth. 

The soiling concludes the preparation ■ of the brick, 
earth, which is allowed to remain undisturbed until the 

* At a m.anufactory of artificial hydraulic lime at Mcudon, near Paris, 
the chalk and chiy are ground together in a washing-mill, of the same 
construction as those used in England, and worked by two horses. The 
quantity of malm produced is about li cubic yard per hour.—See Vicat 
on Cements. 
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moulding season^ which generally commences in April. 
The first process of the actual manufacture is— 

24. Tempering .—The heap^ prepared as above, is 
turned over by spade labour, and the ashes thoroughly 
incorporated with it, water being added to bring the 
mass to a proper consistency. The tempered clay is 
then wheeled to the pv^-mill, which, as before stated, is 
placed' close to the clay heap, and immediately behind 
the moulding-stool.* 

25. Pugging. —The tempered clay being thrown in 
at the top of the mill, gradually passes through it, and 
in so doing becomes so thoroughly kneaded as to be of 
a uniform colour, the ashes being equally distributed 
through the mass. The quantity of clay ground is 
about cubic yard per hour, so that a horse working 
10 hours per diem will grind 12i cubic yards of clay, 
or sufficient to make 6,25^ bricks. 

If the moulding process does not proceed as fast as 
the pugging, so that the clay will not be immediately 
used, the clay, as it comes out at the bottom of the 
mill, is removed with the cuckhold, and covered with 
sacks, to keep it from becoming too dry for use. 

26. Moulding .—Before commencing moulding, the 
moulding-stool is provided with two heaps of dry sand, 
a tub of water, in which to place the strike, a stock- 
board and brick-mould, and three sets of pallets. 
Everything being in readiness, and a supply of tem¬ 
pered clay having been placed on the stool by the feeder, 
whose business it is to carry the tempered clay from the 
pug-mill, to the moulding-stool, the clot-moulder, who 
is generally a woman, sprinkles the stool with dry sand, 
and, taking a clod, or clot, from the heap of tempered 
clay, dexterously kneads and moulds it roughly into the 
shape of a bricky and passes it to the moulder on her 
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left hand. The moulder, having sprinkled sand on tha 
stock-board, and dashed the mould into the sand-heap 
on his left hand, places the mould on the stock-board, 
and dashes the clot into it with force, pressing it with 
his fingers, so as to force the clay into the angles of 
the mould. He then, with the strike, which has been 
well wetted in the water-tub, removes the superfluous 
clay, which he throws back to the clot-moulder to be 
remoulded. The mould is then lifted off the stock- 
board, and placed by the moulder against one of the 
pallets, which he catches dexterously with his fingers, 
and, tiu’ning out the raw brick upon it, slides it along 
the page to the taking-ofi“ boy, and, lifting up the 
empty mould, dashes it into the sand, and replaces it 
on the stock-board, preparatory to moulding a second 
brick; when he has moulded one set of bricks, he 
scrapes away the sand which has adhered to the mould 
during the operation with the strike, and then proceeds 
with the next set. A moulder and clot-moulder, with 
the assistance of a feeder, a taking-ofi" boy, and two 
men to wheel and hack the bricks, will make about 
5,000 bricks between 6 a.m. and 6 p.m. j but this 
quantity is often exceeded.* 

27. Hacking. —The raw brick is removed from the 
page by the taking-off boy and placed on the hack 
barrow, and when the latter is loaded, dry sand is 
sprinkled over the bricks, and they are carefully 
wheeled away to the hack ground. Having arrived at 
that part of the ground where the hack is to be com¬ 
menced, the man takes a spare pallet and places it on 

* See the following:—“ Brickmaking. On Wednesday last, Jos. Bush, 
at Peterskye, Cumberland, performed the feat of making 1,000 bricks in 
an hour; 100 in five minutes; and 26 in one minute.”— Carlisle Journal, 
(This is not a solitary instance.) 
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one of the bricks, which he carries between the two 
pallets to the ground, and sets it up carefully edgeways, v 
taking care in removing the pallets not to injure the 
shape of the soft brick. One of the pallets is replaced 
on the barrow, and with the other another brick is 
removed; and the process is repeated till the twenty-six 
bricks have been placed on the ground, when the empty 
barrow is wheeled back to the moulding stool. In the 
meantime another barrow has* been loaded, and is ready 
for wheeling to the hack ground. Three hack barrows 
are required, so that one of them is constantly being 
unloaded upon the hack ground, another loading at the 
moulding stool, and the third being wheeled to or from 
the hack ground. Thus two men are necessarily em¬ 
ployed in the operations of wheeling and hacking. The 
hacks are set up two bricks in width, the bricks being 
placed slantwise, and not at right angles, to the length 
of the hack. After the bottom row of one hack is com¬ 
pleted, a second hack is commenced, to give the bricks 
time to harden before a second course is laid on them; 
and when the second course is commenced, the bricks 
must be placed fairly on each other, or they will be 
marked, which injures their appearance. The hacks 
Sfe carried up in this way until they are 8 bricks 
high, when they are left for a few days to harden. To 
protect the new bricks from frost, wet, or intense heat, 
straw or reeds are provided and laid alongside the hack; 
and with these the bricks are carefully covered up at 
night, and at such other times as the weather may 
render necessary. When half dry, they are scintled,* 
that is, set farther apart, to allow the wind to pass 
freely between them, and they receive no further atten¬ 
tion until sufficiently dry for burning. The time 

* Iat«raliy, scattered. 

L 
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required for drying varies from three to six week*, 
according to tlie weather. 

28. Clamping .—Figures 17, 18,19, 20, and 21. The 
process of clamping requires great skill, and it8^ prac¬ 
tical details are little understood, except by the work¬ 
men engaged in this part of the manufacture. Scarcely 
any tivo clamps are built exactly alike, the differences 
in the methods employed arising from the greater skill 
or carelessness of the workmen, and local circumstances, 
such as the situation of the clamp, and the abundance 
or scarcity of burnt bricks in the yard with which to 
form the foundation and the outside casing. We pro¬ 
pose, therefore, first to describe the method of building 
a clamp, according to the most approved system, and 
then to explain the principal variations practised in 
different yards. 

29. A clamp consists of a number of walls or necks, 
3 bricks thick, about 60 bricks long, and 24 to 30 bricks 
high, in an inclined position on each side of an upright 
or double battering wall in the centre of the clamp, the 
upright being of the same length and height as the 
necks, but diminishing from 6 bricks thick at bottom 
to 3 bricks thick at top. The sides and top of the 


• Mr. H. Chamberlain, in a paper read before the Society of Arts, IV. 
515, speaks of the great importance of drying bricks :—“ The drying of 
bricks ready for burning is a matter of great importance, and requires 
more attention tlian it generally receives. From hand-made bricks we 
have to evaporate some 2.5 per cent, of water before it is safe to burn 
them. In a work requiri?ig the make of 20,000 bricks per day, we have 
to evaporate more than 20 tons of water every 24 houi-s. Hand-made 
bricks lose in drying about one-fourth of their weight, and in di ying and 
burning about one-third. The average of machine bricks—those made 
of the stiff plastic clay—do not lose more than half the above amount 
from evaporation, and arc, therefore, of mnch greater specific gravity 
tlian hand-made ones.” The artificial drying of bricks over flues can of 
coinsc only be carried on whore coal is cheap. Mr. Heart has contrived 
a .steam cliambcr, wlicrc steam made to cir cula te in pipes is the source of 
heat lor diying the bricks. 
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clamp are cased with burnt brick. The fuel used in 
burning the laid bricks consists of cinders (breeze, as 
before described), which are distributed in layers between 
the courses of bricks, the strata of breeze being thickest 
at the bottom. To light the clamp, live holes or flues, 
7 in. wide and 9 in. high, are left in the centre of the 
upright, and at every 7th or neck. These live holes 
extend through the whole thickness of the clamp, and 
are filled with faggots, which, being lighted from th( 
outside, soon ignite the adjacent breeze. As soon as 
the clamp is fairly lighted, the mouths of the live holes 
are stopped, and the clamp burns until the whole of the 
breeze is consumed, which takes from tlrree to six 
weeks. This description will give the reader a general 
idea of the arrangement of a clamp •, and we will now 
describe in detail the manner of building one, premising 
that the term close bolting signifies stacking bricks so 
that they shall be perfectly close to each other; and 
that scintling means stacking bricks with spaces be¬ 
tween them. 

30. Foundation .—The ground is first carefully drained 
and levelled, and made perfectly firm and hard. The 
exact position of the clamp having been fixed, the 
ground is formed with a flat invert whose chord is 
equal to the Avidth of the intended clamp. The object 
of this is to give a lift to each side of the clamp, which 
prevents the bricks from falling outwards as the breeze 
becomes consumed. The ground being prepared, the 
upright is commenced. But, previous to building, the 
clamp barrow-roads or tramways of sheet-iron are laid 
down between the hacks, and extended to the clamp 
ground, to give an easy motiox. to the barroivs; as, from 
the kind of barrows used in clamping, the bricks being 
piled on each other several courses high, and the 
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wliecling carried on with considerable velocity, they are 
apt to upset, 

31. Upright .—The upright is eomnaeneed by building 
two 9 inch battering Avails about 45 ft. apart, of burnt 
])richs laid on edge, which are termed close bolts, the 
length of each wall being equal to the thickness of the 
upright, which at the bottom is 6 bricks thick, or about 
4 I't. 0 in. (their height is 16 courses, or about 6 ft.). 
Between these bolts a line is stretched, by which the 
upright is built true. The ground between the bolts is 
paved with burnt bricks laid on edge, to exclude the 
moisture of the ground. Upon this paving are laid 
two courses of burnt bricks with spaces between them, 
termed seintles. In the bottom course of scintles the 
bricks are laid diagonally about 2 in. apart. The 
second course consists of burnt bricks on edge, laid 
across the lower one, in lines parallel to the ends of the 
clamp, and also 2 in. apart. In laying these two courses 
of scintles, a live hole is left about 7 in, wide, the whole 
length of the upright j and, on the completion of the 
second course, the live hole is filled up with faggots, and 
the Avhole surface covered over with breeze, which is 
swept or scraped into the spaces left between the bricks. 
On this surface is placed the first course of raw bricks, 
laid on edge and quite close, beginning over the live- 
hole. Over this first course of raw bricks is laid a 
stratum of breeze 7 in. thick, the depth being increased, 
at the ends of the uprights, to 9 or 10 inches, by inserting 
three or four bricks on edge among the breeze. The 
object of this is to give an extra lift to the ends. The 
first course of bricks, it should be observed, is laid all 
headers. Over the first layer of breeze is laid a second 
course of raw bricks on edge, all stretchers. This is 
covered with 4 in. of breeze, and at each end are inserted 
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two or three bricks to increase the lift still more ; but this 
time they are laid flat, not edgeways. Upon the 4 in. 
layer of breeze is laid a heading,course of raw bricks laid 
close, and on this 2 in. of breeze, without any extra lift at 
the end. To this succeed stretching and heading courses 
of raw bricks on edge, laid close up to the top of the 
clampj a layer of breeze, not more than | in. thick, being 
placed on the top of each course, except on the top 
course, which has 3 in. of breeze. The top of the up¬ 
right is finished by a close bolt of burnt bricks. The 
upright is built with an equal batter on each side, its 
width diminishing from six bricks lengthways at the 
base to three bricks lengthways at the top. In order 
that the upright should be perfectly firm, it is necessary 
that the bricks should be well tied in at the angles ; 
and, in order to obtain the proper width, the bricks 
are placed in a variety of positions, so that no very 
regular bond is preserved, as it is of more consequence 
to keep the batter uniform. 

The close bolts first commenced, and which form the 
outer casing of the clamp, are not built close to the raw 
bricks, there being a small space left between the clamp 
and^ the close bolting, which is filled up with breeze. 
The close bolts, however, are built with a greater batter 
than the ends of the upright, so that they just touch the 
latter at the l^th course, above which the clamp is built 
without any external casing. When, however, the up¬ 
right is toppedf and whilst the top close bolting is going 
on, the casing is continued up to the top of the clamp. 
This upper casing is called the bestowing, and consists 
of five or six courses of burnt brick laid flat, forming a 
casing in. or half a brick thick; and above the 6th 
course the bricks are laid on edge, forming a still 
thinner casing only 3 in. thick. When the weather is 
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bad, and during the latter part of the brickmaking 
season, a little extra bestowing is given beyond what is 
here described. The great art in clamping consists in 
the proper construction of the upright, as the stability 
of the clarap depends entirely upon it. 

32. Necks .—The remainder of the clarap consists of 
a number of necks or walls leaning against the upright. 
They are built iu precisely the same way as the upright, 
as regards invert, close bolts, paving, scintling, breeze, 
and end lifts. But there is this essential difference, viz., 
that they are parallel walls, built in alternate courses of 
headers and stretcher’s laid on edge, each heading course 
in one neck being opposite to a stretching course in the 
next neck, and vice versa. The thickness of each neck 
is made up of three bricks lengthways in the heading 
courses, and ten bricks edgeways in the stretching 
courses. The necks are close bolted at top, and be¬ 
stowed in the same manner as the upright. AYhen the 
last necks have been built, the ends of the clamp are 
close bolted, and bestowed in the same way as the sides, 
and this operation completes the clamp. 

33. Firing .—The number of necks on each side of 
the upright may be extended to eight or nine, without 
an additional live hole; but if this limit be exceeded, 
additional live holes are required, accoi’ding to the 
judgment of the brickmaker or the demand for bricks ^ 
the live holes are placed seven, eight, or nine necks 
apart. It is not necessary that the additional live holes 
should pass under the centres of the necks, and it is 
more convenient to form each live hole so that the face 
of the last-built neck shall form one of its sides. 

In the close bolting surrounding the clarap, two bricks 
are left out opposite the end of each live hole, and to 
each of these openings a fire is applied made of coals, 
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and wood heaped up in a brick fire-place built round 
thd opening, and known by the name of a devil-stove. 
The fire is kept up for about a day, until the faggots in 
the live hole are thoroughly ignited, and as soon as this 
is found to be the case, the fire is removed, and the 
mouth of the live hole stopped with bricks, and plastered 
over with clay. In firing a large clamp with many live 
holes, it should be begun at one end only, the live holes 
being fired in succession, one after the other. 

The bricks at the outside of the clamp are under¬ 
burnt ; tliey are called burnovers, and are laid aside 
for rebnvning in the next clamp that may be built. 
The bricks near the live holes are genei’aliy partially 
nitdtcd and run together in masses called clinkers or 
burrs. The bricks which are not fully burnt are called 
place bricks, and are sold at a low price, being unfit for 
outside work, or situations where tliey will be subjected 
to much pressure. The clinkers are sold by the cart¬ 
load, for rockwork in gardens and similar purposes, 

34:. The quantity of breeze required varies much with 
the quality of the earth. The usual proportions for 
every 100,000 bricks are about 35 chaldrons of tlie sifted 
ashes, mixed with the brick-earth, and about 12 chal¬ 
drons of the cinders or breeze to light the clamp. 

The quantity of fuel to the live holes it is difficult to 
calculate ■, about 2s. may be taken as tlie average cost 
of coals and wood for every 100,000 bricks, 

35. If the proportion of breeze be too small, the 
bricks will be underburned, and will be tender .and of 
a pate colour. If too much fuel be used, there i;- dam- cr 
of the bricks fusing and running into a blacki'-ii 
No rules can be laid down for avoiding llicse enxMS, 
as the management of the breeze must depend upon the 
quality of the earth, and can only he learnt from 
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experience, some brick-earths being much more fusible 
than others. 

36. The time of burning varies considerably. If ex¬ 
pedition is requisite, the flues are placed near together, 
and the burning may be completed in a fortnight or 
three weeks j but, if time is no object, the flues are 
furtlier apart, and the clamp is allowed to bum off more 
slowly. 

37. Another system of clamping is to begin at one 
end and to follow with the necks in one direction only. 
This is done when the clamp ground is partly occupied 
by the hacks, so as to render it impossible to commence 
at the centre. When this system is adopted, the clamp¬ 
ing begins with the erection of an end-wall, termed the 
upright and outside, which is made to batter very con¬ 
siderably on the outside, but of which the inside face is 
vertical. As regards dimensions and modes of building, 
the outside and upright is built in the same way as the 
ordinary upright, but it has, of course, no live hole under 
it, the first live hole being provided in the centre of the 
2nd or 3rd neck. In the style of clamping the necks 
are all upright. The live holes are placed at every 8th 
or 9th neck, as in the usual system. 

38. We now proceed to describe the principal varia¬ 
tions in the methods of clamping practised in different 
brick-yards. 

Paving .—The practice with regard to the paving of 
burnt bricks is very variable. Some clampers omit it 
altogether; others pave only where clamping for the first 
time on a new clamp ground. 

Scintles. —^M'^hen burnt bricks mn short, as in build¬ 
ing the first clamp on a new ground, the second course 
is laid with raw bricks. This, however, is a very objec¬ 
tionable practice. 
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tdve Holes .—^The live holes are sometimes close- 
bolted at the sides^ to prevent the breeze from the 
scintles falling into them. This, howe ver, is not often 
done, and its utility is questionable. 

Breeze .—Some clampers put the 7 in. stratum of 
breeze on the top of the scintles, instead of placing it 
over the Ist course of raw bricks j very frequently the 
breeze is dispensed with after the 2 in. stratum, with 
the exception of the top layer. All clampers, however, 
agree as to the necessity of having the 7 in., 4 in., and 
2 in. layers. 

39. The several descriptions of bricks made for the 
London market, and their relative prices, as given in 
Lockwood’s “Builders’ and Contractors’ Price Book for 
1898,” are as under (delivered on the job in London), 
viz.:— 

■t s. d. 

Stocks.per 1,000 S 0 C> 

Grizzles.,, 2 15 0 

Place.,, 2 0 0 

Picked stocks . . . . ,, 3 10 0 

Red ditto. ,, 3 10 0 

Best malm facings . . . ,, 4 0 u 

Seconds ditto . . . . ,, 3 15 0 

White Suffolk facings . . ,, 4 10 it 

Seconds ditto .... ,, 4 u ! i 

Cutters ditto .... ,, 70 0 

Pareham red facings . . ,, 4 17 o 

,, rubbers . . . ,, 0 10 0 

Bracknell machine-mado facings ,, 3 2 0 

,, hand-made ditto . 3 7 'i 

The prices of the various kinds of fire-bricks will lie fouiet at.page is. 

The bricks commonly sold are known by the follow¬ 
ing terms: 

Cutters. —The.sc arc the softest, and are used foi' 
ganged arches and other ruhhod work. 

Malms .—^Tbese aro the best building bricks, and are 
only used in the beet descriptions of brickwork ; colour 
yellow. 
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Seconds. —These are sorted from the best qualities, 
and are miicdi used for the fronts of buildings of St 
superior class. 

Paviours. —These are excellent building bricks, being 
sound, hard, well shaped, and of good colour. They 
must not be confounded with paving bricks, having 
nothing in common with them but their name. 

Pickings. —These are good bi'icks, but soft, and 
inferior to the best paviours. 

Rough Paviours.~T\iQ^e are the roughest pickings 
from the paviours. 

Washed Stocks. —These are the bricks commonly used 
for ordinary brickwork, and are the worst description of 
malms. 

Greg Stocks. —These are good bricks, but of irregular 
colour, and are not suited for face work. 

Rough Stocks. —These are, as their name implies, very 
rough as regards shape and colour, and not suited for 
good work, although hard and sound. 

Grizzles. —These are somewhat tender, and only fit 
for inside work. 

Place Bricks. —These are only fit for common purposes, 
and should not be used for permanent erections. 

Shuffs. —These are unsound and shuffy —that is, full 
of shakes. 

Burrs or Clinkers. —These are only used for making 
artificial rockwork for cascades or gardens, &c. 

Bats. —These are merely refuse. 

It may be here observed, that at the brickworks 
round London the bricks made are usually in the form 
of regular parallelopipedons, 9 in. long, 4^ in. wide, and 
3 in. thick. If in the execution of apiece of brickwork, 
bricks of other shapes are required, it was formerly the 
practice, and still sometimes is, for the bricklayer to cut 
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the ordinary bricks to the required shape. This practice, 
so destructive to sound bond and good work, cannot be 
too strongly reprehended; * especially noiv that the 
manufacture is free from the trammels of the excise 
there can be no excuse for not making bricks of a great 
variety of shapes for various purposes. 

40. Brickmaking r.t Cheshunt. —'In the “ Illustrations 
of Arts and Manufactures/^ by Mr. Arthur Aikin, is a 
valuable paper on pottery and brickmaking, the perusal 
of which is strongly recommended to the reader. The 
following notice is there given of the Cheshunt bricks ;— 
“ At Cheshunt, in Hertfordshire, is a bed of malm earth 
of the finest quality, no less than 25 ft. in depth; from 
this are made the best small kiln-burnt bricks, called 
paviers.-’^ Not having an opportunity of pei'sonally 
examining the Cheshunt works, the author requested 
Mr. B. P. Stockmau to do so, and, in reply, receir ed 
the following communication, from which it appears that 
kiln burning has been now disused for some time at 
Cheshunt ; clamping being now generally adopted ;— 

There are no bricks now made near London of 
natural malm; the once well-known bed at Grays in 
Essex has been exhausted some years. No one can 
inform me of any bed of natural malm except that at 
Cheshunt, and I was told, previous to my going there, 
that I should not find the works conducted as I had 
been led to expect from your letter. 

There are only two brickmakers at Cheshunt, and, 
from going over their w orks, I am able to a ouch for 
the accuracy of the following particulars. 

• The brick columns, wlio.'C failure cau.scd the frightful .iccidtiit u liidi 
occurred in January, a . d . 1848, during the el ection of tlic new huiUliugs 
at the Euston Station of the Noi tli 'Western Itiiilway, were built in this 
way. The additional cost of bricks made expressly ibr the work, of siuh 
forins as would have bonded properly together without any cutting, ivoulU 
have been very trifling. 
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" There is a bed of natural malm, and a bed close to 
it of ordinary briek-earth, wliieh also contains malm. 
When they make malms, which they were not doing at 
the time of my visit, they do not use the natural malm 
earth by itself, but wash and mix chalk with it, and I 
am told that they n£ver have made malms without 
adding chalk to the natural earth, although the propor¬ 
tion is small compared to that required for the other 
bed from which they also make nlalms. The earth is 
soiled with ashes precisely in the same way as in the 
London works, and turned over and pugged in the 
same kind of pug-mill. The bricks are hacked and 
clamped, as in London, and there are none burnt in 
kilns, nor have been for many years. There are no 
kilns on the ground, and no kiln burning of any 
description, though in former years there used to be 
kilns for bricks and tiles, and also for glazed ware. 

“ The bricks made at Cheshunt are very superior to 
the London bricks; in fact, the stock made there is 
really a kind of malm brick, and the malms themselves, 
as you may suppose, are perfection. I examined the 
brick-earth from both pits, and saw the several processes 
of moulding, hacking, scintiing, and clamping going 
on. The names of the different qualities are the same 
as in London; but, as regards quality, some of the 
common descriptions are equal to the London malms, 
and I believe the shuffs would be sold for malms in 
London.’' 

41. Brickmaking is carried on to a great extent all 
round the metropolis, but the principal brick-fields are 
situated north of the Thames. 
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III. COST OP MANUFACTURE. 

42. We propose to consider tlie cost of manufacture 
under three headsj viz.:— 

1. Materials and fuel. 

2. Machinery and tools, 

3. Labour. 


I. MATERIALS AND FUEL. 

43. Clay .—The cost of brick-earth must depend very 
much on the circumstances of the locality^ but it is 
usually considered to be worth 2s. 6J. per 1/J00bricks_, 
exclusive of getting. 

44. Chalk .—The cost of chalk is trifling where the 
works have the advantage of water carriage, as it can 
be brought to the canal wharfs round London at 2s. lOf/. 
per ton. To this must be added the cartage, which, in 
some cases, must be a serious expense. 

45. Sand .—The above remarks apply to the mould¬ 
ing sand; which is brought from tlie bed of the Thames, 
near Woolwich, in barges to the canal rvharfs at 2s. 
per ton, a ton being about 1| cubic yard. To this must 
he added cartage, and labour in drying tlie sand to 
make it fit for use. 

It is difiicult to say what quantity of sand is used per 
1,000 bricks, but the cost may be taken approximately 
at from M. to 8</. per 1,000 bricks. 

46. Breeze .—The quantity of breeze required varies 
according to circumstances; the proportion may be 
taken to range from 12 to 20 chaldrons per 100,0tXl 
bricks. The cost of breeze may be taken at about ds. 6;/. 
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per chaldron. It may here be mentioned, that in 
London stringent regulations are in force to prevent 
liouscholders from making use of their domestic ashes, 
which arc collected by jiarties who contract with the 
parisli authorities for this privilege. 

In the Midland Counties tlie domestic ashes are 
generally used for manure, the ashes being thrown into 
the cesspools, an arrangement which would not be per¬ 
mitted in the metropolis. This mode of disposing of 
the domestic ashes completely prevents the use of breeze 
in the manufacture of bricks in the district where it is 
practised. 

47. Soil .-—The cost of soiling cannot be very accu¬ 
rately ascertained. The quantity of soil required de¬ 
pends much on the quality of the brick-earth; 35 
chaldrons per 100,000 bricks may be considered a fair 
average. The cost per chaldron may be taken at 3s. to 
4,s. To this must be added the cost of barrowing to the 
clay heap, 14s. to 15s. per 100,000 bricks. 

48. Coals and Wood .—The quantity of faggots re¬ 
quired will depend on the number of live holes. This 
item of expense is very trifling, say 2s. per 100,000 for 
faggots and coals to light the clamp. 

49. Water .—The water required for the washing- 
mills is pumped into the troughs as before described, 
and as shown in the drawings of the washing-mUis, 
fig. 7. That which is used in tempering the clay is 
brought in buckets from the nearest pond on the works. 
In some yards the supply is drawn from wells by the 
contrivance known in the East as a shadoof, and in use 
at the present day in Germany, and throughout Russia. 
This simple contrivance is described at page 3 of Mr. 
Glynn^s “Rudimentary Treatise on the Construction 
of Cranes and Machinery,^^ and the reader is there* 
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fore referred to the description and wood-cut there 
given. * 

It majj however, he worth while to remark, that there 
is scarcely any difference between the ancient shadoof 
used in Egypt in the time of the Israelitisli bondage 
and that in common use at Edmonton and other places 
near London, in our own time. 

It is impossible’ to make any calculation as to the 
proportionate cost of the necessary supply of water 
to a brickfield, as it forms a portion of the cost of 
tempering, and cannot be separated from it. 

tl. MACHINERT AND TOOLS. 

50. The average cost of the machinery and tools re¬ 
quired in a London brickfield i.s about as follows : 

Chalk and clay mills, together . . . i'liO to 70 0 0 

Pug-mill. 12 0 0 

Cuokhold.5.-. to (3 G 0 

For each moulder are required— 

1 moulding stool, complete, at . , 110 

1 mould ,, ... 0 10 G 

3 sets of pallets, 26 in each set . . at 9s. 1 7 0 

3 hearing-o£E harrows . . . .at 2i'.u. 3 0 

In addition to the above are required, a few planks, 
shovels, barrows, buckets, sieves, and other articles, the 
aggregate cost of which it is impo.ssiblc to estimate. 

iNo buildings are required for the actual manufacture 

It is, however, u.sual for tlie foreman, or “ moulder," 
to live at the field. ' Stabling may la.; required or not, 
according to circumstances and loculi ly. 
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m. UAIiOUU. 

51. Tho present cost of labour, &c., near London, 


may be taken as follows:— 

Per 1,000 Uricks. 
£ s. d. 

Pent of field.0 0 6 

AhIios . . ..0 2 0 

Kemoving top mould . . . • .002 

Digging earth . . . . .007 

Soiling and turning earth . . . .006 

Chalk and expense of washing . . .014 

Moulding . . . . . . .066 

Horse grinding earth.0 0 6 

Sand . . ..006 

Cover boards.0 0 2 

Setting. . . . . . . , 0 1 10 

Bolting, sorting, &o.0 0 3 

Loading.0 0 6 

Implements, &o.0 0 6 

Superintendence.0 0 6 

Interest on capital.0 10 

Royalty.0 2 6 

Bad debts.0 10 

Preparing hacks, obtaining water, making 
roads, coals and wood in burning, materials 
for building sand-houses, and office ex¬ 
penses .0 2 0 


1 1 10 

Note. —The above prices were carefully prepared for 
the last edition of this work, but owing to recent advances 
in the rates of wages are at the present time no doubt 
low; it is extremely difiicult to obtain details, as, owing 
to the great demand, brickmakers have advanced their 
selling prices out of all proportion to the cost of produc¬ 
tion, and are naturally reticent in giving information. 


AMERICAN OPINION ON ENGLISH BEICEiMAKING. 
The following remarks, by a recent American writer,* 
will not be without interest:— 

* 0. T. Davis, in “ A Practical Treatise on the Manufacture of 
Bricks, Tiles, Terra-Cotta, &c.” 
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‘'English bricks are larger than those commonly 
made in the IJnited States, being usually 9 inches long, 
4^ wide, ana^2j thick, after burning, but they are not 
so strong, and are generally of an inferior quality. 

“In fact, those made by the London brick-makers 
are of the weakest sort, caused partly by the nature of 
the clay used, but principally from the habit of mixing 
ashes in large quantities with the clay; as the domestic 
ashes which they use contain a large quantity of un- 
bumed coal, which is reduced to ashes in the process 
of firing, leaving the brick very porous, greatly weak¬ 
ened, and generally shaky. This system is very \m- 
desirable, for two reasons: first, it is certainly injurious 
to the health of those who live in the neighbourhood 
of the stacks, as refuse, frequently mixed with decom¬ 
posed animal and vegetable matter, the contents of 
dust holes, is used in the process of burning ; second, 
the matter of this kind which is sifted and mixed with 
the clay, pieces of hone, and other substances of a 
similarly objectionable character, not being infrequent, 
is certain to yield an undesirable excrescence arising 
from nitrogenous substances. 

“The most nauseating fumes often arise from the 
stacks of bricks made and burned in this manner, 
which tend to make the immediate neighbourhood of 
one of these clamps anything but a desirable place for 
a residence, especially during the hot, dose months of 
midsummer, which is the period during which the 
greater amount of this kind of brick burning is done. 

• • • . ♦ * 

“ This manner of burning brick.s should not be con¬ 
founded with the procc.sBcalled ‘damping' so common, 
and practised largely both in the United St-Htes and in 
some parts of Great Britain remote from London, which 



164 


RUDIMENTS OF THE 


is usually a method of burning bricks by placing them 
in a temporary kiln, tbo walls of which are generally 
built of ‘ green ' or unburned bricks. • 


Reference to Illustrations accompanying the fore¬ 
going Account of Bricamaking in the vicinity of 
London. 

52.—rig. 1. General Plan of a Brickwork. 

(Scale 40 ft. to an inch.) 

A. The chalk-mill. 

B. The clay washing-aiill. 
o. 1’lie pump. 

D. Tlie shoot to the brick-earth. 

B. The brick-earth turned over in readiness to receive the malm. 
F. The pug-mill. 

O. The moulding stool. 

H. The hack ground. 

K.K. Clamps. 


53. The Chalk-mill. 

Figs. 2 and 3, Section and Plan. (Scale 10 ft. to an inch.) 
a-a. Grinding-wheels. 

b. Inlet from pump. 

c. Outlet to clay washing-mill. 

Details. (Scale 5 ft. to an inch.) 

Fig. 4. Grinding-wheel. 

Fig. 5. Mode of connecting the axle-tree of the grinding-wheels with 
the centre shaft. 

The mill consists of a circular trough lined with brick¬ 
work, and furnished with a pair of heavy wheels with 
spiked tires, which, being drawn round by horses, crush 
and grind the chalk until it is reduced to a pulp. The 
wheels are shown in detail in fig. 4. It is necessary 
that they should accommodate themselves to the level 
of the chalk in the trough, and to effect this, the framing 
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of which the axle-tree forms a part is secured to the 
centre shaft by a staple, as shown in fig. 5, which 
allows the whole of the timbering to rise or fall, as may 
be requisite. The centre shaft is a bar of ii'on, steadied 
by being built up in a mass of brickwork. The yoke 
beams are kept at the proper height, and their weight 
supported by common light chaise wheels, about 2 ft. 6 in. 
diameter, which run on the outside of the horse track. 
The mill represented in these engravings is mounted for 
two horses; many mills, however, have but one. 


54.. The Clay-washing Mill. 

Figs. 6 and 7. Plan and elevation. (Scale 10 ft. to an inch.) 

a. The inlet from the chalk-mill. 

b. The outlet to the shoot. 

c. c. The harrows. 

d. d. The cutters. 

e. The pump. 

Details. (Scale in. to 5 ft.) 

Fig. 8. The cutters. 

Fig. 9. The outlet to the shoot, and the strainer. 

Fig. 10. The strainer. 

The mill consists of a circular trough of larger dimen¬ 
sions than that of the chalk-mill, also lined witli brick¬ 
work, and furnished with a two-horse gin, to which are 
attached knives and harrOws, whicli, in their passage 
round the trough, cut up the clay and incorporate it 
with the pulp from the chalk-mill. The framing of the 
gin is very simple, and requires no description. The 
knives, or cutters, are placed in two sets, four in each. 
They are fixed in an upright position, and steadied to 
their work by chains, and by being bolted togctlier with 
bolts passing through tubular distance pieces, as shown 
in fig. 8. The knives cut the clay and clear the nay 
for the harrows, which are similar to those VBed for 
agricultural purposes, and are merely suspended by 
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chains from the timber framing. The pump is worked 
by tlic horizontal wheel p, fig. '7, which is provided 
with friction rollers on its rim, for the purpose of lifting 
tl\e lever g, Avhich raises the lever of the pump by means 
of tin; spiiullo ii. The outlet to the shoots is simply a 
square trunk made of 2 in. plank. It is furnished with 
a brass grating, or strainer, shown in fig. 10. The bars 
are in. wide, and ^ in. apart, so that even small stones 
will not pass through. This grating is fixed in grooves, 
so that it can be lifted out of its place by the handles, 
when required. 


55. The Pug-mill. 

Fig. 11. Elevation. (Scale 4 ft. to an inch.) 

a. The yoke arm. 

b. The opening for the ejectment of the earth when (ground. 

c. The brick-e.arth surrounding the mill, on which is an 

inclined barrow road to the top of the mill. 

Fig. 12. Section. (Scale 2 ft. to an inch.) 

a.a. Force knives. These are not provided with cFOsa knives, 
their purpose being merely to force the ewth downwards 
and out at the ejectment hole. 

56.—Fig. 13. Isometrical View of the Moulding Stool. 
(Scale 4 ft. to an inch.) 

a. The lump of ground earth from the pug-mill. 

b. The moulder’s sand. 

c. The clot-moulder’s sand. 

d. The bottom of the mould, termed the slock-board. 

e. The w’ater-tub. 

/. The page, which is formed of two rods of fths of an inch round 
or square iron, nailed down at each end to the wooden 
rails or sleepers on which they rest. The use of tlie page 
is to slide the new bricks, with their pallets, away from the 
moulder with facility. 

g. The pallets in their proper position for use. 

h. A newly-made brick just slidden from the moulder, and ready 

for the taking-off boy. 
k. The moulder’s place, 
iit. The clot-moulder's place, 
n. The taking-off boy’s place. 

e. The ctiekhold, a concave shovel used for catting off the gronad' 
earth as it is ejected from the pug-milL 



ART OP MAKING BRICKS AND TILES. 


167 


76.—Fig. 14. Tsometrical View of the Brick Mould, 
with its detached bottom or Stock-board. (Scale 3 in. 
to a foot.) 

a.a.a. IliB iron pegs on which the mould rests during tlio opera¬ 
tion of moulding. They are driven into the stool in the 
positions shown in the drawing ; their height from the stool 
regulates the thickness of the brick. The mould is lined 
throughout with sheet-iron, which is turned over the edges 
of tlie mould at the top and bottom. 

58.—Fig. 15. The Hack Barrow —loaded. (Scale 2 ft. 

to an inch.) 

Fig. 16. The hack iaJTOW—unloaded. (Scale 2 ft. to an inch.) 


59. The Clamp. 

Fig. 17. Transverse section (parallel to necks). (Scale lO ft. to an 
inch.) 

Fig. 18. Longitudinal ditto ditto ditto. 

a. The Upright. 
b.b. Close bolts. 
e. Live hole. 
d. Bestowing. 

Details. (Scale 2 ft. to an inch.) 

Fig. 19. Plan of the lower course of scintlcs. 

Fig. 20. Plan of the upper course of scintlcs. 

. The live hole. 

It should be understood that the directions of the scintlcs, 
as well as that of the paving below it, are changed for every 
neck, so as to correspond with the upper work, as shown in 
the figures. 

Fig. 21. Detail of the end of the upright, showing the paving, the 
ecintling, tlie live hole, and the 7 in., 4 in., and 2 in. courses of breeze. 


CHAPTER VI. 

LONDON TILERIES. 

1. The general term, Tile Manufacture,” is so com¬ 
prehensive, that it would be impossible, within the limits 
of a little volume like the present, to give anything like 
a complete account of the manufacture of the diflerent 
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articles made at a large tileryj we only propose^ there* 
fore^ in the present chapter, to give a succinct account 
of the manufacture of pantiles, as carried on at the 
London tileries, which will serve to give the reader a 
general idea of the nature of the processes employed in 
tile-making. It must, however, he borne in mind, that 
although the principle of proceeding is the same in each 
case, there are no two articles made exactly in the same 
way, the moulding and subsequent processes being 
carried on in a different manner, and with different 
tools and implements, for every description of articld^'^ 

The manufacture of plain tiles and drain tiles has 
already been described in Chap. IV., to which the 
reader is referred, as also to the supplementary chapter 
at page 230. 

2. The following is a list of the principal articles 
made at the London tileries:— 


Oven tiles. 

10-in. paving tiles. 
Foot ditto. 
Plain tiles. 
Pantiles. 

Eidge tiles. 

Hip tiles. 

Drain tiles. 


Kiln bricks. 

Fire bricks. 

Paving bricks. 

Circulars (for setting coppers,&c.) 
Column bricks (for forming cO' 
lumns). 

Chimney-pots. 

Garden-pots. 

Drain pipes. 


And anything required to order. 


For all these articles (excepting fire bricks) the same 
clay is employed (mixed, for the making of paving tiles, 
oven tiles,* kiln bricks, paving bricks, circular bricks, 
and column bricks, with a certain quantity of loam), 
and they are all burnt in the same kiln, the fire bricks 
included; but each different article presents some pecu¬ 
liarity in the processes intervening between the tem¬ 
pering and the burning, having its separa.te moulding- 
♦ For oven tiles the stuff must be of superior quality. 
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Fi^. 1 , 



stool, frames, strike, &c., aud being stacked and dried 
differently. The details of these differences, however 
(even would our limits allow ns to describe them), would 
scarcely be suited to the pages of a rudimentaiy work 
intended for popular reading. 
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Figs. 2 aitd 3. 




3. Pug-mill .—The pug-mill used in tile making for 
pugging, or, as it is termed, grinding the clay, differs 
considerably from that used in brick-making. The tub, 
instead of being conical, is made to taper at both endsj 
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Fig. 5. 



and the ejectment hole is at the bottom instead of in 
the front, as in the brick pug-mill. 

The knives, also, are made in a superior manner. 
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The mill is provided with force knives without cross 
knives at top and bottom. See figures 1, 2, and 3. 

The pug-mill is placed under cover in a shed called 
the grinding shed. 
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Fig. o. 



4. The Shnf), fig. 1, is simjily a piece of tliin ^iic 
vyitli two handles, used for cutting the clay. 

5. Moulding .S'/icr/.—-Tiles are made mulcr covvr ia 
sheds about 7 yards wide, the length of tlu' du d de¬ 
pending on the nnniher of moidding tallies, the ;,rv a 
allotted to each table being about 7 yurd.s in lcin;tli by 
4 yards in breadtli. 

- The moulding tables arc placed against one side of 
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Firj. 10. 



the shedj and the remainder of the area is occupied by 
the blocks or drying-shelves ; every shelf being formed 
with three 1 in. planks placed edge to edge, and sepa¬ 
rated from each other by bricks placed edgewise at the 
end of the planks, as well as at intermediate points, 
each block containing about 14 shelves, and thus 
measuring 12 ft. long by 2 ft. 8 in. wide, and about 7 ft. 
high. A passage way, 3 ft. wide, is left round the 
blocks, to give free access to every part of them. 

These details will be understood by reference to fig. 5. 

6. The Pantile Table, or moulding table, is shown in 
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fig. 6. It is furnished with a irv() or trough^ in which 
the moulder dips his hands when moulding, and wiili 
a block and stock-hoard, on which the tile mould is 
placed in the 0 ])cration of moulding. 

7. The Block and Stock-board is shown in fitr. 7. 
The two form one piece, which re is on the mouldinir 
table, and is firmly keyed to it by tmtans of a tenon on 
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Fig. 14. 



8. The TUe Mould is shown in fig. 8, and requires no 
particular description. 

9. The BoU, fig. 9, is merely a round roller of a 
particular size, as shown by the seale^ and is used for 
striking a smooth surface to the tile. 

10. The Washing-off Table, fig. 10, is a stand with 




water trough and a frame called the Washing-off 
rame, see fig. 11^ on which, when ijioulded, the tUe is 










10 _ 20 30 _ 40 50^^ 

washed into a curved form. Tlie washing-off table 
placed at the left hand eud of the pantile table, :a 
near the block. 




]1. The Splayer, fig. 12, is an instrument on which 
the tile is removed from the washing-ofF frame to the 
block. 

12. The Thwacking Frame, fig. 13, is a frame on 























IHO WJl. dakwin’s critics t 

for saying that the gibbons, “ without having been 
taught, can walk or mu upright with tolerable 
quickness, though t|iey move awkwardly, and much 
less securely than man.” The Quarterly Reviewer 
says, “ This is a little misleading, inasmuch as it is 
not slated tliat this upright progression is etfected 
by placing the enormously long arms behind the 
head, or holding them out backwards as a balance 
in progression.” 

Now, before carping at a small statement like 
this, the Quarterly Reviewer should have made 
sure that he was quite right. But he happens to 
be quite wrong. I suspect he got his notion of 
the manner in which a gibbon walks from a citation 
in “ Man’s Place in Nature.” But at that time I 
liad not seen a gibbon walk. Since then I have, 
and I can testify that nothing can be more precise 
than Ml'. Darwin’s statement. The gibbon I saw 
walked without either putting his arms behind 
his head or holding them out backwards. All he 
did was to touch the ground with the outstretched 
fingers of his long arms now and then, just as one 
sees a man wdio canies a stick, but does not need 
one, toucli the ground with it as ho walks along. 

Again, a large number of the objections brought 
forward by Mr. Mivart and the Quarterly Reviewer 
apply to evolution in general, quite as much as to 
the particular form of that doctrine advocated by 
Mr. Darwin ; or, to their notions of Mr. Darwin’s, 
views and not to what they really are. An excel- 





ART OF MAKING BRICKS AND TILES. 


183 


which the tUe, when half dry, is thwacked or beaten 
with a thwacker (fig. 15), to correct any warping which 
may have ta^en place whilst drying in the block. 

When thwacking those tiles taken from the bottom 
of the block, the thwacking frame is placed upon the 
Thwacking Stool, fig. 13; but when the tiles to be 
thwacked are at the top of the block, the thwacking 
frame is placed uppn the Thwacking Horse, fig. 14, 
which brings it conveniently to their level. 

The ThvMcking Knife, fig. 16, is used for trimming 
the wing of the pantile immediately after thwacking. 

13. The Tile Kiln, figs. 17, 18, 19, 20, 21, and 22, 
consists of a kiln with arched furnaces, enclosed in a 
conical building called a dome. The arrangement of 
the whole building will be clearly understood by refer¬ 
ence to the figures, and to the detailed description at 
the end of this chapter. 


PROCESS OP MANUFACTURE. 

14. Clay-getting and Weathering. —The clay used for 
making tiles ,is purer and stronger than that used for 
making bricks, and consequently requires more care in 
its treatment. 

When the clay is too strong, it is mixed with sand 
before passing it through tlic pug-mill, but this is not 
often required. 

The weathering of the clay is performed by spreading 
it out in thin layers, about 2 in. thick, during the wiiiver, 
and each layer is allowed to receive the benefit of at 
least one night^s frost before the succeeding layer is 
placed over it. Sometimes the clay is spread out in 
the summer to be scorched by the sun, winch cfVccts 
the weathering equally well- The greater the heat, or 
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the sharper the frost, the tliicker may be the layers, but 
4 in. is the inaxiinnm thickness. 

The o})ject of the process of weathering is, to open 
the pores of the clay, and to separate the particles, that 
it may absorb water more readily in the subsequent 
process of mellowing. 

The clay thus weathered is thrown into pits, where it 
is covered with water, and left for a considerable time 
to mellow, or ripen. 

15. Tempering .—The process of tempering is per¬ 
formed simply by passing the clay through the pug-mill. 
If the clay be very foul, that is, full of stones, it is slung 
before using, and passed a second time through the mill. 
For chimney-pots and similar articles, the clay is slung 
either once or twice, and pugged, or, as it is called, 
ground, twice or thrice, according to the nature of the 
clay, and the purpose to which it is to be applied. 

16. Slinging .—The operation of slinging is as fol¬ 
lows : as the clay issues from the ejectment hole of the 
pug-mill, it is cut into lengths of about 2 ft,, with a 
sling. These lumps are taken by the slingers and cut 
up into slices, not exceeding | in. in thickness, during 
which operation most of the stones fall out, and those 
which remain are picked out by hand. The clay thus 
freed from stones is once more ground, and is then 
ready for the moulder. 

(N.B. In some parts of England the clay is freed 
from stones by sifting, and the tempering is performed 
by treading; this part of the work being done by boys, 
who tread in a spiral track, so as to subject each portion 
of the mass to a uniform amount of kneading.) 

17. Moulding .—The clay, as it issues from the miU, 
is cut into lumps, called pieces, which are stacked on a 
rough bench in the grinding shed. A labourer cuts 
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these lumps in half, each half being called a half-piece, 
and wheels these half-pieces one by one to the pantile 
table. 

A rough-moulder, generally a boy, takes the half¬ 
piece and squares it up, that is, beats it up into a slab 
near the shape of the mould, and about 4 in. thick, from 
which he cuts off a thin slice, the size of a tile, and 
passes it to the moulder. 

The moulder, having sanded his stock-board, and 
placed his mould on the four pegs which regulate the 
thickness of the tile, takes the slice of clay from the 
rough-moulder, and puts it into the mould. He then, 
with very wet hands, smooths the surface, cutting off 
the superfluous clay with his hands, in long pieces, called 
strippings, which are thrown to a corner of the table. 
This done, he strikes the surface level with the roll; and 
turning the tile out of the mould on the washing-oft’ 
frame, with very wet hands washes it into a curved 
shape. He then strikes it smartly with the splayer, and 
turns it over on that implement, on which he conveys it 
to the block, where he deposits the tile with the convex 
side uppermost, and, the splayer being withdrawn, the 
tile is left to dry. The button end of the tile is placed 
inside the block. 

18. Thwacking .—The tiles remain in the block until 
they are half dry, when they are taken out one by one, 
placed on the thwacking frame, and beaten with the 
thwacker to perfect their shape. 

The wing of each tile is then trimmed with the 
thwacking knife, and the tiles replaced in the block, still 
with the convex side uppermost; but this time the button 
end is placed outside. The tiles then remain in tin 
block until ready for kilning. 

It should be observed that the tiles flattcm hiightly 
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whilst in the hlock, and for this reason the washing-ofl 
frame is made a little more convex than the thwacking 
frame, which corresponds to the permanent form of the 
tile. 

19. KUning .—In setting the kiln, a course of vitrified 
bricks is laid at the bottom, herring-bone fashion, the 
bricks being placed in. apart. On this foundation 
tlie tiles are stacked as closely as they will lie, in an 
upright position, one course above another. As the 
body of the kiln is filled, the hatchways are bricked up 
with old bricks, and when the kiln is topped, they are 
])lastered over with loam or clay. The top is then 
covered with one course of unburnt tiles, placed flat, and 
lastly, upon these a course of old pantiles is loosely 
laid. 

The fires are lighted on Monday morning, and are 
not put out until Saturday evening, whatever the articles 
in the kiln. 

The fuel used is coal, and the quantity consumed at 
each burning about eight tons. This, however, varies 
with the kind of articles to be burnt,—hollow goods, as 
chimney-pots, garden-pots, &c., requiring less than more 
solid articles. Toot tiles, oven ditto, and 10-in. ditto, 
are stacked in the kiln the same way as paving bricks. 
The covering on the top of the kiln varies in thickness, 
according to the sort of goods to be fired. 

COST OP MANUFACTURE. 

20. From the manufacture of tiles being carried on 
under cover, the establishment of a large tile-work 
involves a considerable amount of capital. The kiln 
used in London is very costly, such a one as we have 
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shown in figs. 17 to 22 costing in its erection no less 
than £2,000. 

The cost -of making pantiles by machinery is about 
as follows, per 1,000 ;— 

£, s. d. 

Clay—this is usually included in the rent, but, if pur¬ 
chased separately, may be taken at 2s. Gd. per yard 


cube— 2^ yards cube make 1,000 pantiles . .".0 5 7^ 

Weathering clay.0 5 0 

Mellowing ditto, and grinding once . . . .020 

Add for horsing the pug-mill.0 1 G 

If slung and ground a second time, add . . . .020 

Moulding, including all labour in fetching clay from mill, 
moulding, washing, blocking, thwacking, and blocking 

second time.. .0100 

Setting and drawing kiln.0 3 0 

Burning . . ..0 12 6 

Cost of making . . . .217^ 

Rent, repairs, breakage, contingencies, and profit . . 1 S 4^ 

Selling price per 1,000 . . , 3 iO 0 


21. The following are the ordinaiy prices, in 189?, 
for a variety of articles, which will give an idea of llie 
comparative amount of laboui’ bestowed upon them:— 

Plain tiles.per 1,000 2 12 0 

Rich dark red tiles . . . „ 2 15 0 

Strawberry colour tiles. . . ,, 2 10 0 

Broseley red buff or brindled tiles . ,, 3 7 '3 

Ditto omamontal tiles . . . ,, 3 10 0 

Corrugated tUes . . . . ,, 3 10 0 

Pantiles.. 3 10 0 

Hip and valley tiles . . . per 100 1 .5 0 

Plain red ridge.s .... cat h 0 1. o 

Ditto blue .Staffordshire ditto . ,, 0 d o 

22. The above sketch of the manufacture of pnuiiles 
will give the reader a general idea of thcprocesse.su.sed 
in tile-making, but every artii.de presents some pc i'u- 
liarity of manufacture. Plain tiles are dried on llats, 
called Place (Jroumls. llip and ridge tiles are washed 











188 


RUDIMENTS OF THE 


anti thwacked in a similar manner to pantiles. Drain 
tiles are only washed. Paving tiles and oven tiles are 
stricken with a flat strike instead of the roll, and are 
not washed, but they are thwacked and dressed with a 
kuife. 


23. Description of Illustrations. 

Figs. 1, 2, and .3. The pug-mill. 

The png’ mill used in tilc-maldiig is different from that used in brick- 
making, as will readily be seen from the figures. 

Fig. 1. Elevation of pug-rnill. (Scale { in. to the foot.) 

Fig. 2, Details of the knives. (Scale ^ in. to the foot.) 

These knives are made in a superior manner to those of the brick 
pug-mills, both as regards strength and fitting. The mill is provided 
with force knives at top and bottom, which have no cross knives 
attached to them. 

Fig. 3. Cross section of the tub. (Scale J in. to the foot.) 
a. The ejectment hole, which is at the bottom of the tub, and not 
at the side, as in the brick pug-mill. 

Fig. 4. 'fhe sling, or wire knife, used for cutting the clay into lengths 
as it issues from the pug-mill, and also for freeing the clay from stones 
(slinging). 

Fig. 5. The tile shed, shown in plan and section. (Scale 10 ft. to the 
inch.) 

a.a.a. The blocks, which consist of a series of shelves, on which the 
tiles are placed to dry. Each shelf is formed of three ll-inch 
planks. The shelves are in. apart, and are spaced off from each 
other by bricks laid edgewise, at the end of the block, and also 
midway between these points. 
i.i.i. The moulding tables. 

Fig. 6. The pantile table, used for moulding pantiles. (Scale § in. to 
the foot.) 

a. The half-piece squared up. 
i. The block and stock-board. 

<r. The trug or trough. 
el. The moulder’s sand. 
f. The strippings. 

/. A hole in the table for sweepings to drop through. 

The pegs on which the mould is placed. There are four of 
these pegs ; viz. , one at each comer of the block and stock-board ; 
and the distance to which they are driven below the top of the 
stock-board, determines the thickness of the tile.'. 

Fig. 7. The block and stock-board. (Scale 1 in. to the foot.) 

c. A tenon, which drops into a mortice in the table. 

d. A mortice in c, by which the block and stock-board is keyed 
tightly to the table. 

Fig. S. The pantile mould. (Scale 1 in. to the foot.) 

Fig. 9. The roll. (Scale 1 in. to the foot.) 
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Fig, 10. The washing-oflf table. (Scale 4 in. to the foot.) 

a. The washing-oflf tnig. 

I, The washing-oflf frame. 

Fig. 11. The washing-oflf frame. (Scale 1 in. to the foot.) 

Fig. 12. The sjlayer. (Scale 1 in. to the foot.) 

Fig. 13. The thwacking frame placed on the thwacking stool. (Scale 
1 in. to the foot.) 

Fig. 14. The thwacking horse, on which th^ thwacking frame Is placed 
for thwacking those tiles at the top of the blocks. (Scale f in. to the foot.) 

a. The table on which the thwacking frame is placed. 

b. The place where the thwacker stands to thwack. 

c. c. Two wheels to facilitate the moving of the horse from place to 
place when required. • 

Fig. 15. The thwacker. (Scale 1 in. to the foot.) 

Fig. 16. The thwacking knife. (Scale 1 in. to the foot.) This i.s 
simply an iron blade, with a piece cut out exactly to the intended profile 
of the wing of the pantile, which is trimmed with it immediately after 
thwacking. 

Figs. 17 to 22, The tile kiln. 

(N.B. The whole of the furnace and body of the kiln is constructed 
of fire brick.) 

Fig. 17. Plan of the kiln, taken through the body. (Scale 20 feet to 
the inch.) 

h.h. The hatchways.. 

Fig. 18. Plan of the basement, to the same scale, showing the entrance 
to the vaults. 

Fig. 19.* Section through the centre of the kiln, in the direction of 
the line a h, fig. 18. (Same scale.) 

Fig. 20. Section through the centre of the kiln, in the direction of the 
line c d. (Same scale.) 

Fig. 21. Transverse section of the furnaces. (Scale i in, to the foot.) 
The section marked a is taken through the throat of the furnace, on the 
line marked x y, in fig. 22, 

Fig. 22. Longitudinal section of the furnaces. (Same scale.) The 
arrows in each of the above figures show the direction of the ilucf. 


CHAPTER VII. 

ON THE MANUFACTURE OF ENCAUSTIC TILES. 

1. The highly-decorative pavements of the mediteval 
ages, principally to be found in our old ecclesiastical 
structures, which often shared the fate of many bcautifttl 

♦ This cut and t!)e following are not quite accurate, the s-idt.s of thc- 
dome not being straight, as shown in the engraving, but slightly convex. 
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details of areliitectural ornament, by being made to give 
way to what rustic churchwardens, and others of equal 
taste and discernment, deemed improvements — after 
attracting the attention of tlie antiquary for centuries, 
have at length excited some interest amongst the prac¬ 
tical minds of these our stirring business times. About 
thirty years since a patent was obtained by Mr. S. 
Wright, of the Stafibrdshire Potteries, for the revival of 
this interesting branch of art, for such it may be truly 
called. As might have been expected, many difficulties 
beset the patentee, and for some years nothing was pro¬ 
duced equal to the old specimens. But still a beginning 
was made that promised success when skill and capital, 
and a determination to succeed, should be brought to 
bear upon the subject. And these were not long want¬ 
ing, as the patent ultimately passed into the hands of a 
gentleman undeterred by difficulties or previous failures, 
and who expressed his intention to make encaustic tiles, 
such as would secure the public approbation, even if 
each one cost him a guinea! This is the spirit that has 
achieved such surprising results in our manufactures 
generally, within a comparatively brief period; and no 
wonder that in this, as in most other instances, success 
has been the satisfactory result. We need scarcely say 
that the gentleman referred to is Mr. Herbert Minton, 
who, with untiring industry, collected the best speci¬ 
mens of old tiles that could be found in this country, and 
by a succession of experiments overcame the obstacles 
that had retarded the success of the undertaking. 

2. The chief of these obstacles was, to discover clays 
of different colours that could be made to amalgamate 
in such a Avay as to contract or shrink equally during the 
processes of drying and firing; and until this was effected, 
a perfect tile of several colours could not be produced. 
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sundry unsightly cracks appearing on the inlaid parts 
of the surface. It will be unnecessary to speak of the 
present state of perfection to which these beautiful tiles 
have been brought^ further than to observe that they 
are yearly becoming more appreciated, both on the score 
of durability and ornament; and there can scarcely be a 
doubt that, very soon, no ecclesiastical building, having 
any pretensions to architectural superiority, will be con¬ 
sidered to be complete in its decorations without them. 
By way of information, we may add, that not only 
copies of old tiles are manufactured, but every variety 
of design suitable for the character of the building they 
are intended for are supplied. Indeed, almost any 
pattern can be produced with facility; and we have seen 
some of the arras of our nobility and gentry so finely 
executed, that the uninitiated might be pardoned for 
mistaking these inlaid clays for the highly-finished and 
elaborate work of the pencil. In many instances they 
have been adopted as a substitute for oil-cloth in the 
halls and passages of the mansions of our nobility, 
being considered far more beautiful, and, from their 
durability, more economical also, in the long run. 

3. We will now take a peep into the interior of Messrs. 
Minton and Co.^s manufactory.* We must first notice, 
that the clays of which the tiles are composed are ob¬ 
tained in the immediate neighbomhood—the ordinary 
marl producing a good buff colour when fired; another 
kind a warm red; black is produced by staining with 
manganese; blue with cobalt, &c. Wth the native 
clays there is a slight admixture of Cornwall stone and 
clay, and flint from Kent, &c. The whole are subjected 
to a variety of washings and purifications—the clay in- 

• Forther details will be found in “Tomlinson’s Cycloptedia 
article, Potteiy and Porcelain. 
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tended for the surface, especially—and passed through 
Hue luwu sieves ia a liquid, or "slip” state, as it is 
technically termed. In this state it is conveyed to the 
slip-kiln, or rather pumped on it, and boiled, until it is 
in a plasiic state, and fit for use. 

4. After the modeller has done his part, the pattern 
is cast in plaster in relief, and is then placed in a metal 
frame of the size required ; but it should be stated that 
to produce the ordinary 6-in. square tile, it is modelled 
6| in., to allow for shrinkage or contraction, which takes 
place during drying and firing. The maker then com¬ 
mences his operations. A piece of the fine clay for the 
surface is flattened out to about a quarter of an inch 
thick, somewhat after the manner of preparing a pie 
crust, and this is thrown upon, and pressed upon, the 
plaster pattern, and receives, of course, a correct indenta¬ 
tion, or outline of the design. The metal frame containing 
the plaster mould is divided horizontally, and after the 
surface is put in, the upper part of the frame is screwed 
on, and the maker fills up with clay of a somewhat 
coarser description, to form the tile of the requisite 
thickness. The tile is then put under a screw-press to 
impart the proper degree of solidity. 

5. As far as we have gone, the tile is but of one 
colour; next conies the task of giving the diflPereut 
colours required. Suppose a tile be required of three 
colours—red, blue, and buff. We will say the surface 
piece already put in is of abuff colour. The maker provides 
himself with vessels of a suitable kind, containing—the 
One the blue, the other the red colour, in a “ slip'^ state, 
and these he pours into those parts of the indented surface 
that the drawing or finished tile before him tells him to 
be correct. These slips cover the surface entirely, and 
there is now not the slightest appearance of any pattern 
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or design. After remaining in this state for three days, 
until the water has evaporated for the most part, the 
process of'scraping or planing the surface commences, 
which is an operation requiring care, though easily 
efifected by experienced hands. The pattern then makes 
its appearance, but the colours are scarcely distinguish¬ 
able the one from the other. 

6. The tile is then finished as far as the maker is 
concerned; and, after remaining in the drying house 
from 14 to 21 days, according to circumstances, is con¬ 
veyed to the oven, where it is exposed to an intense 
degree of heat for about 60 hours. After being drawn 
from the oven, the tile is finished, except it be that the 
parties ordering wish the surface glazed, a rapid and 
easy process, the dipper merely placing the surface in a 
tub of glaze. 

7. Plain self-coloured tiles, such as black, red, choco- 
late, buff, &c., and also tesserie, are made of the same 
material as the encaustic, only that it is dried longer in 
the kiln, passed through rollers to reduce it to a powder, 
and is then finely sifted. Presses of great power, made 
under Prosser's patent, make these tiles. The powdered 
clay is swept into a recess of the pi'oper size, the screw 
descends, and, by its immense power, presses the powder 
into a solid tile, ready for drying and firing. One man 
can, with ease, make about 500 per day. 

8. Tessera .—The tesserae made by Messrs, kriuton, 
under Mr. Prosser's patent, are now extensively used 
for mosaic pavements, for which they arc admirably 
adapted. A few words will suffice to explain the nature 
of the improvements cfi'ected iu this branch of art by 
the introduction of the new material. 

The mosaic pavements made by the Homans were 
formed of small pieces of stone or marble of vurion* 
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colours, bedded one by one in a layer of cement, each 
(tf the pieces being levelled with the others as the work 
ju’oceeded, and on the completion of the work the un¬ 
avoidable inequalities of surface were corrected by 
rubbing the whole to a plane surface. 

This mode of proceeding was attended with many 
defects. The irregular shapes of the tesserae caused 
the cement joints to be of a thickness that greatly in¬ 
jured the efiect of the design, whilst the piecemeal way 
in which the work was laid rendered it very difficult to 
produce a level surface. 

It is not our purpose here to detail the several at¬ 
tempts that have been made during the last few years, 
with various degrees of success, to produce mosaic pave¬ 
ments, by the use of clay tesserae, coloured cements, 
&c. j but it will readily be understood that the principal 
difficulties to be overcome in the use of solid tesserae 
are those arising from irregularity in the shape and size 
of the several pieces, as well as the great labour and 
expense attending the laying of such pavements piece 
by piece. 

These difficulties have been entirely overcome by the 
use of the patent tesser®, which, being made in steel 
dies, by the process above described, are perfectly uni¬ 
form in size, and fit closely together, with an almost 
imperceptible joint. 

The mode in which the tesser® are used is precisely 
the reverse of the Roman process, and is as follows:— 
a coloured design of the intended mosaic having been 
drawn to scale, after the fashion of a Berlin wool 
pattern, the pattern is set out full size on a cement floor, 
perfectly smooth and level, and on this floor the tesserae 
are placed close together, the workmen being guided in 
the arrangement of the colours by the small drawing. 
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The pieces are then joined together by a layer of 
cement applied to the upper surface^ and in this way tliey 
are formed into slabs of convenient size, which, when 
hard, are feady for use, and can be laid with as much 
ease as ordinary flagstones. It will at once be under¬ 
stood, that the side of the slabs which is next the floor 
during the process of manufacture forms the upper 
side of the finished pavement, the pattern appearing 
reversed during its'formation. 


CHAPTER YHI. 

ON THE MXnUFACTURE OF BRICKS ANO DRAIN 
PIPES BY MACHINERY. 

It is the general opinion that brickmaking by ma¬ 
chinery is not economical in small work, since the cost 
of moulding bears so small a proportion to the total 
cost. In large engineering works, however, wheie a 
contractor requires many millions of bricks in a limited 
time, for the construction of a tunnel or viaduct, the use 
of machinery may be desirable. In this chapter we do 
not, of course, pretend to give descriptions of tlie v arious 
patented and other machines connected w ith the manu¬ 
facture of bricks and tiles. Our object, in a work of 
this kind, being to deal w’ith the principles oi' the art 
rather than with a multiplicity of minute details. Y e 
may, however, in order to show the great vitality of the 
trade, quote a few titles of inventions, &c., Iielouging to 
the years 1861 and 1862. 1'he patent list displays the 
strong tendency to invention for making bricks, &c., by 
machinery. Thus, we have— 
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WimbalPs patent for making bricks, tiles, and drain 
pipes. 

Morrell and Cbarnloy’s apparatus for making bricks, 
tiles, and otlier articles from plastic materials, 

(Ircani asid Wriglit’s machinery for tbe manufacture 
of plain and ornamental bricks, slabs, tiles, and quarries. 

Easford’s patent for constructing brick walls, and 
ornamenting the materials to be used for the same. 

Effertz’ machineiy for making britks, tiles, &c. 

Grimshaw's patent for compressing brick-earth and 
other materials. 

Morris and Radford’s patent for the manufacture of 
fire bricks, blocks, &c. 

Poole’s patent for making ornamental bricks, tiles, &c. 

Newton’s machine for making bricks. 

Sharp and Palmer’s apparatus for the manufacture 
and drying of bricks. 

Grimshaw’s patent apparatus, used in drying, pul- 
vei-ising, and compressing clay. 

Platt and Richardson’s apparatus for making bricks. 

Poster’s method of rendering bricks impervious to 
damp. 

Smith’s patent apparatus for the manufacture of 
bricks, tiles, &c. 

The following description of Oates’s brickmaking 
machine is from Tomlinson’s “ Cyclopaedia of Useful 
Arts, &c.” It Avas described by Mr. J. E. Clift, of 
Birmingham, at a meeting of the Institution of Me¬ 
chanical Engineers, in November, 1859, and the descrip¬ 
tion is printed in the “Proceedings” of that body, and 
is illustrated by four engraved plates, from which Mr. 
Tomlinson has compiled the illustrative figure. We do 
not give this machine as the best, since there are many 
other well-known machines of merit in use; but we 
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offer it as an example of the mechanical means adopted 
in this class of inventions. 

The present brickmaking machines at work are 
divided by *Mr. Clift into two classes, viz., those that 
operate on the clay in a moist and plastic state, and 
those for which the material requires to be dried and 
ground previous to being moulded. In the former class, 
the plastic column of clay, having been formed into a 
continuous length by the operation of a screw, pugging 
blades, or rollers, is divided into bricks by means of 
wires moved across, either while the clay is at rest or 
while in motion, by the wires being moved obliquely at 
an angle to compensate for the speed at which the clay 
travels. This wire-cutting requires the clay to be soft, 
so that the bricks are but little harder than those made 
by hand, and require a similar drying before being placed 
in the kiln ; and all this renders the expense of manu¬ 
facture about the same as for hand-made bricks. In the 
second class of machines, the bricks are compressed in 
a dry state in the mould ; but the processes for drying 
the clay, and reducing it to a uniform powder, add to 
the cost of manufacture. 

jNIr. Oates has got rid of both objections, viz., the 
difficulty respecting the previous preparation of the clay, 
and the subsequent drying of the bricks. In his machine 
the clay is used of such a degree of dryness as to allow 
of its being mixed up and macerated, and compressed 
into bricks by a single continuous action, the clay being- 
formed into a continuous column and compressed into 
the moulds by the action of a revolving vertical screw. 
The clay requires, in general, no previous preparation 
beyond that given by the ordinary crushing rollers, and, 
in some cases, may be put into the machine direct from 
the pit, unless it contain stone.s, when it is passed tlirough 



The cast-iron clay cylinder A is expanded at the upper 
part to form a hopper, into which the clay is supplied. 


and the lower cylindrical portion is about the same in 
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two bearings in the upper frame D; this screw is 
parallel at the loAver part, the blade nearly filling the 
parallel portion of the clay cylinder, and is tapered 
eonieally at the upper part to nearly double the diameter. 
Wlien the clay is thrown loosely into the hopper it is 
divided and directed towards the centre by the curved 
arm E revolving with the scz’ew shaft, and drawn down 
by the tapered portion of the screw into the parallel 
part of the clay cylinder in sufficient quantity to keep 
this part of the cylinder constantly charged. The clay 
is then forced downwards by the parallel portion of the 
screw into the pressing chamber B, and into the brick 
mould F, which consists of a parallel block equal in 
thickness to a brick, and sliding between fixed plates 
above and below, and containing two moulds, F and G, 
corresponding in length and breadth to the bricks to be 
made. The mould-block F is made to slide with a reci¬ 
procating motion by means of the revolving cam H, 
which acts upon two rollers in the frame I, connected 
to the mould-block by a rod sliding through fixed eyes; 
and the two brick moulds are thus placed alternately 
under the opening of the pressing chamber B to receive 
a charge of clay, the mould-block remaining stationary 
in each position during one quarter of the revolution of 
the cam II. When the brick mould F is withdrawn 
from under the pressing chamber, the brick is dis¬ 
charged from the mould by the descent of the piston K, 
which is of the same dimensions as the brick mould; 
the piston is pressed down by the lever M, worked by 
the cam N, when the brick mould stops at the end of 
its stroke, and is drawn up again before the return 
motion of the mould begins. A second piston L acts in 
the same manner upon the second brick mould G, and 
the discharged bricks are received upon endless bands 
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O, by which they are brought successively to the front 
of the machine, when they are removed by boys to tlie 
barrows used for conveying them to the kilns to be burnt. 

The solid block that divides the two brick moulds 
P and G is slightly wider than the discharge opening 
at the bottom of the pressing chamber B, having an 
over-lap, so that the making of one brick is terminated 
before that of the next begins, in order to ensure com¬ 
pleteness in the moulding. During the instant when 
this plank is passing the opening at the bottom of the 
pressing chamber, the discharge of the clay is stopped, 
and it becomes necessary to provide some means eithei 
of relieving the pressure during that period, or of stop¬ 
ping the motion of the pressing screw. Accordingly 
the pressure is relieved by an ingenious contrivance, 
forming in effect a safety-valve, which prevents the 
pressure in the chamber from increasing when the brick 
mould is shut off, and also serves to maintain a uniform 
pressure during the formation of the brick, so as to en¬ 
sure each mould being thoroughly and equally filled 
with clay; this is effected by an escape-pipe P, similar 
in form to the brick mould, but extending horizontally 
from the side of the pressing chamber, and is open at 
the outer extremity. The regular action of the screw 
forces the clay into the escape-pipe, as far as its outer 
extremity, forming a parallel bar of clay in the pipe. 
The resistance caused by the friction of this bar in 
sliding through the pipe is then the measure of the 
amount of pressure in the machine; and this pressure 
cannot be exceeded in the machine, for the instant that 
the brick mould is full, the further supply of clay, fed 
into the pressing chamber by the continuous motion of 
the screw, escapes laterally, by pushing outwards the 
column of clay in the escape-pipe. The uniform pres- 
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sure of every brick in the mould up to this fixed limit 
is ensured by the escape-pipe not beginning to act until 
that limit of pressure is reached. Its action is similar 
to that of a safety-valvC; and the amount of pressure 
under which the bricks are made is directly regulated 
by adjusting the length of the escape-pipe. The latter 
discharges a continuous bar of solid clay, advancing by 
intermittent steps of | to ^ in. in length, each time 
that the brick mould is shut off and changed. The 
projecting piece of clay from the end of the escape-pipe 
is broken off from time to time, and thrown back into 
the hopper of the machine. 

The upper side of the solid block separating the two 
moulds F and G is faced with steel: and the upper 
face of the brick is smoothed by being sheared off by 
the edge of the opening in the pressing chamber; the 
under face of the brick is smoothed by being planed by 
a steel bar R, fi.xed along the edge of the under plate, 
and having a groove in it for discharging the shaving 
of clay taken off the brick. 

The screw shaft is driven by bevil gear from the shaft 
Sj which is driven by a strap from the engine, the speed 
being adjusted according to the quality of the clay or 
the wear of the screw. The screw is driven at about 
thirty revolutions per minute, when at full speed, or one 
brick for each revolution of the screw. The machine 
completes 12,000 bricks per day, or an average of 
twenty per minute. The clay, as already stated, can 
be taken direct from the pit, passed through crushing 
rollers, and then fed straight into the moulding machine. 
Indeed, the clay within a quarter of an hour after being 
brought from the pit may be seen stacked in kilns, and 
in a few days burnt ready for use. The amount of 
power required for driving the machine, and the wear 
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of the screw, vary according to the material worked. 
With a calcareous marl about twelve horse-power was 
found sufficient. When the material is very siliceous 
the cast-iron screws wear out quickly. Gun-metal has 
been found much more durable than iron for the screw 
and mould-block. 

In burning bricks that contain much alumina, and 
consequently retain a good deal of moisture, it is found 
advisable to stack the bricks in the kiln in lifts of from 
fifteen to twenty courses each. As soon as the bottom 
lift has been stacked, small fires are lighted to drive off 
the steam from the bricks, which might otherwise soften 
those stacked above-; the middle lift is then stacked and 
similarly dried, and then the top lift; after which the 
full fires are lighted. 

The crushing strength of these bricks made in the 
machines at Oldbury is said to be double that of the 
hand-made blue bricks of the neighbourhood, being an 
average of 150 tons compared with 76 tons, or 8,024 lbs. 
per square inch compared with 4,203 lbs. The trans¬ 
verse strength, with 7 in. length between the bearings, 
was found to be, for hand-made bricks, 2,350 lbs., 
for machine-made bricks, 3,085 lbs., and for the same, 
hard burnt, 4,320 lbs. 

One of the advantages of this machine is, that clay 
containing a good deal of stone, which could scarcely 
be worked for hand-made bricks, can be used. Th> 
brick-earth at Cobham is very unfavourable for brick- 
tnaking, it being so weak and friable that hand-made 
bricks made from it were crushed by a moderate pres¬ 
sure; when made by the machine, however, serviceable 
bricks were turned out. A material containing 84 per 
cent, of silica has been made by this machine into 
bricks. The bricks had not any hollow or froy in the 
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ui)per space for lioldiiig the mortar, but arraugeoienti 
were being made for producing it. 

The extent to which bricks absorb water is im¬ 
portant, since dry houses cannot be built with bricks 
that are very absorbent. A brick of 9 lbs. weight will 
absorb about 1 lb. of water, and it is stated that the 
bricks made by this machine absorb less. 

The cost of Oates’s machine is from .£150 to £200, 
exclusive of the engine for driving it. The cost of brick¬ 
making varies according to the price of coal in different 
localities; but there is very little variation in the price 
of the unburnt bricks made by the machine, the differ¬ 
ence arising chiefly from the varying amount of royalty 
charged on the clay in the pit, which varies from Is. 
to 2s. 6d. per 1,000. A machine at Cobham, employed 
by Messrs. Peto and Betts, produced 200,000 bricks in 
a fortnight of eleven days, but the average number per 
week, of five and a half days, was considered to be 
80,000, or at the rate of twenty-four bricks per minute. 
The contract for the bricks in and out of the kilns, 
exclusive of the cost of the coals, was first taken at 
5s. 9d. per 1,000 bricks; which was afterwards raised 
to 6s. 9d., owing to the distance of the clay from the 
machine. To this had to be added 6d. per 1,000 royalty, 
and the wages of the engine-driver at 6c?. per 1,000, 
raising the expenses to 7s. 9c?. per 1,000 bricks. The 
(juantity of coals requimd for burning the bricks, and 
for the engine driving, might safely be taken at 4 ton 
per 1,000 ; and the price of coal at that place being 25s. 
per ton, the total cost of making the bricks by the ma¬ 
chine amounted to 20a‘. per 1,000, including the burning. 

The following particulars respecting drain-pipe mak¬ 
ing machines, and hollow bricks, are also from Mi, 
Tomlinson’s “ Cyclopaedia.” 
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The large and increasing demand for draining tiles 
and pipes has led to great economy in then- manufac¬ 
ture. Some are moulded flat^ and afterwards bent 
round a wooden core to the 
proper shape: others are made at 
once of a curved form by forcing 
the clay through a dod or mould, 
fig. 4, by mechanical pressure. 

The action will be readily under¬ 
stood from fig. 5, which repre¬ 
sents a section of a strong iron 
cylinder, containing a quantity of 
clay in the act of being pressed 
down with enormous force by a 
solid piston or plunger. The 
clay, as it escapes through the 
dod, is evidently moulded into 
the form of the pipe (also shown 
in section), Avhich is cut off in 
lengths, by means of a wire, and 
these, after a preliminary drying, ^’kJ- 5- 

are ready for firing. By using dods of different sizes, 
pipes of various magnitudes are formed. 

Fig. 6 is an elevation of a drain-pipe making 
machine, which we have copied from Mr. Green’s works 
at Lambeth. Tlie cylinder contains a second cylinder, 
capable of holding a given weight of clay, adapted to 
the moulding of a certain number of pijies at one 
charge. Thus, one hox-fuU will furnish five 9-in. pipes, 
six 6-in. jiipes, seven 4-in. pipes, and so on. By the 
action of the rack tlie pi.ston forces the clay through 
the dod or die upon a tabic, so balanced by weight.< 
that the lengthening pipe is sufficient by its weight to 
force down the tabic, and when a certain length of pitn; 





a wire^ removes the pipe so formed,, raises up the table^ 
sets the machine in action, and receives a pipe upon the 
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table as before. When all tbe clay is thus forced out 
of the cylinder, the action of the rack is reversed, 
whereby the plunger is drawn up out of the cylinder. 
The cylinder, which moves on a kind of hinge, is then 
tilted on one side to receive its charge of clay, and being 
restored to its vertical position, tbe action proceeds as 
before. By an ingenious contrivance, the fork which 
shifts the strap frorq the fast to the loose pulley, is 
weighted in such a manner that, when the boy raises 
his foot from a treadle, the strap is at once moved on 
to the loose pulley, and vice versa, thus giving the 
attendant a third hand, and diminishing the chances of 
danger from the strap. Mr. Green has a machine 
worked by a screw, in which the process is continuous. 
These pipes are washed with glaze before the firing, as 
will be explained hereafter. 

By means of a tile machine, the hollotv bricks are 
formed, which are so much recommended by the So¬ 
ciety for Improving the Condition of the Labouring 
Classes,” and introduced by them in the construction 
of dwelling-houses for the poor. The idea of tubular 
bricks is not new, for such articles were used by the 
Romans in large vaultings, where lightness of construc¬ 
tion was required, and they are said to be in common 
use in Tunis at the present time. The size of the bricks 
is 12 in. long, and three courses rise 1 ft. in height. 
Nine hollow bricks will do as much w alling as sixteen ot 
the common sort, with only a slight increase in weight. 
In passing through the tile machine, or in the process of 
drying, the bricks can be splayed at the ends for gables, 
or marked for closures, and broken off as required in 
use, or they may be perforated for the purpose of venti¬ 
lation. If nicked with a sharp-iminted hammer, they 
will break off at any desired line; and the angles may 
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bo taken off with a trowel as in the common brick.' 
The bricks fortlie quoins and jambs may be made solid 
or perforated, and Avith perpendicular holes, either cir-* 
cular, square, or octagonal: those in the quoins in^y 
bo so arranged as to serve for ventilating shafts. The 
hollow bricks, from their mode of manufacture, are 
more compressed than common bricks, require less 
drying, and are better burned with less fuel. 

The following figures represent some of the forms of 
hollow bricks in common use. a, fig. 7, is an external 
brick, ]1| in. long, which with the quoin brick c, 
and the jamh brick b, arc sufficient for building 9-in. 
walls, e is lOj in. long, with one splayed corner for 
forming external angles, reveals, and jambs of doors 
and windows, either square or splayed. The internal 
jamb and chimney brick, b, is 8J in. long; c is an 


Fig. 7. 



internal brick adapted to any thickness of wall beyond 
9 in. : d is for ?)'[-iu. partitions, or internal walls, and 
arch bricks, and is used for floor and roof arches of 
7 to 10 ft. span. / is used for the same purpose, with 
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a webb to give extra strength, and to adapt them for 
using on edges in. partitions, 3| in. thick to rise in 
6-in. courses. 

Fig. 8 represents a .specimen of hollow brick work 
in 6-in. courses, with square 
rebated joints forextra strength. 
These bricks are adapted to the 
lining of flint or concrete walls. 
Fig. 9 is a section illustrative 
of the construction adopted in 
II. R. H. Prince Mbert’s model 
houses. The span of the arches 
is increased over the living 
rooms to 10 ft. 4 in., with a 
proportionate addition to their 
rise. The external springers 
are of cast-iron, connected by 
wrought-iron tie rods. 

It is stated that there is an advantage of 29 per cent, 
in favour of the patent bonded hollow bricks over ordi¬ 




nary bricks, in addition to a considerable diminution in 
the cost of carriage or transport, and of 25 per cent, on 
the mortar and the labour. 
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CHAPTER TX. 

ADDTTIONAT. URMAEKS ON THE MANTJFAOTUfiE OF 

liUICKS BY ]\rACHINEEY, ’ 

It is proposed liei’c to supplement tlie previous chapter, 
written by Professor Tomlinson in 1803, by giving 
full desciiptions of some of the most remarkable, or 
most used, of the very many brickmaking machines 
noAv before the public. The trade in producing brick 
machinery itself has come to be a very large one, in 
Avhich great intelligence, energy, and capital have been 
invested, and from which have emanated an immense 
number of inventions, chiefly the subjects of patents. 
The results have naturally been much rivalry and com¬ 
petition, so that, perhaps, there is no one of the trains 
of machinery for making brick, which has had a success 
enough to make it worth notice, which has not been ex¬ 
posed to partial advocacy, and to equally interested and 
frequently more unjust depreciation. 

It would be highly out of place that “an outline” such 
as this volume can alone pretend to, within its limits, 
should undertake to appraise the relative merits or 
demerits of the various machines we are about to notice 
—the rather, as we are unable to treat the whole sub¬ 
ject in the exhaustive manner that alone would justify 
such criticism. The following notices, therefore, must 
be viewed as merely collecting before the reader, with 
sufficient illustrations, a few of the more prominent 
brick and tile machines, or those moat in use in Great 
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Britain, sufficient to serve as an index to those specially 
interested, whereby more complete information may be 
obtained through the respective makers or otherwise. 

As has been sufficiently shown in the precediug 
parts of this volume, the natural clays from which 
bricks are to be made, though they rna^ occasionally be 
found in a state capable of being at once made into 
,,brick, must most usually be subjected, after having 
been dug out, to more or less disintegration, grinding, 
and mixing into perfect plasticity, before being em¬ 
ployed. For these purposes, the screen sometimes 
being used beforehand, the crudhing rollers and 
the pug-mill are employed. Other methods of pro¬ 
ducing perfect freedom from adventitious matter and 
perfect plasticity are occasionally employed, when 
special qualities of extra fine bricks are sought for, 
but with those we need not trouble the reader here. 

The above machines are employed in combination, 
i.e., as parts of one compound machine, as produced by 
some makers, separately as turned out by others. The 
clay-mill, with crushing rollers Avorking on edge in a 
circidar pan, is also in use. Brick machinery itseli, 
since the invention of Prosser, many years since, is 
divisible into two great classes, wet and dry clay ma 
chines, i.e., machines which form the brick, by moderate 
pressure in moulds, from already tempered and plastic 
clay, and those which, under a far more severe com¬ 
pression, mould the bricks from clay perfectly commi¬ 
nuted, but either dry, or at most only very slightly 
moistened. One of the most salient advantages of the 
dry method is, that it produces a denser brick, and one 
that shrinks less both in drying and in baking than 
do those made wet; and that a certain amount, though 
not a very great one, of the labour and cost of the 
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jx’eliminary preparation of the clay is saved. Hie 
disadvantages, or some of them, are, that unless the 
(day in the dry or merely damp state bo scrupulously 
well prepared, and unless a degree of' pressure be 
employed Avhich demands a good deal of power, the 
brick may be deficient in tenacity and in uniform 
solidity, or even in perfect fairness of face. On the 
other hand, with certain clays, and pressures beyond a 
given jjoint, bricks are thus produced, which, though 
dense and resistant, have so M? 2 porous a surface as 
hardly to take bond with either cement or rnortar. 

Fig. 1 represents Whitehead’s Improved Clay Crush- 


1 . 



ing and Grinding RoUer Mill, consisting of two pairs of 
large iron iV'uers, fitted in a massive cast-iron frame. 
The dimensions of the top rollers (which revolve at equal 
speed) are 2 ft. 6 in. long by 1 ft. 8 in. diameter. The 
lower pair (running as two to one, for more thoroughly 
incorporating the clay) are 2 ft. 6 in. long by 1 ft. 6 in. 
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diameter. The above null is constructed for. the pur¬ 
pose of "reducing rough strong clays or hard marls not 
disintegirable by water, into a state to be rendered plastic 
by future operations in the pug-mill, of which two dif- 
' ‘ ' i^. 2. .' 



ferent examples are given in figs. 2 arid 3 by the same 
maker. 

^ Fig. 2 is a large and powerful pug-mill. The cylinder 
is one strong loam casting made perfectly true; it is 
erected upon a massive iron basement, and provided 
with two cast mouth-pieces for the discharge of the 
■ pugged cla^, one situate on. each side at bottom. These 
mouth-pieces may have sliding doors fitted, to increase 
or diminish the area of the orifice, so as to cause the 
clay to be more or less finely ground. This is valuable 
m admitting the adaptation of the mill to the pressing 
out of large and small pipes, &c. 

This mill makes about three revolutions per'minute, 
’ trarked by the pohver of one hoise. The cylinder is- 24 in. 
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diameter inside^ and 64 in. high ; the total height to top 
of vertical shaft is 87 in. 

Fig. 3 represents Whitehead’s Perforated Pug-mill. 
The advantage of this mill is, that during the opera¬ 
tion of pugging the clay is forced out through the 


Pi'ff. 8. 



perforations at the sides in the plastic state, leaving 
behind the stones, which are carried, by means of the 
internal arrangement of the knives on the vertical shaft, 
through an aperture at the bottom; thus combining 
the process of pugging and screening in one operation. 

We entertain some doubts of the advantages of this 
machine, however ingenious; for screening as a pre¬ 
liminary operation should, whenever practicable, never 
be omitted. 

Fig. 4 shows a very good form of nearly portable 
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clay-miU. Mills in this form may be used for grinding 
wet or plastic, clay, but are more suitable for indurated 
dry clays, which are to be used with one or other of the 
dry-clay brick machines. The pan, as is evident from 



the figui'e, revolves, and the runners are carried round 
by it, being free to move within a certain range verti¬ 
cally. The pan is provided with curved blades, so fixed 
as to keep the stuff constantly beneath the runners. 

We now come to the composite machines, in which 
crushing rollers and horizontal pug-raiU are combined, 
as in fig. 6. 

For very hard clays, such as fire-clays for fire-brick, 
two or even more pairs of crushing rollers may be 
needed above each other, those closest set being at liottom. 
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Tho rollers are driven at different speeds, so as to 
produce a rid) as well as a mere squeeze between the sur- 


Fig. 6. 



faces, and so better disintegrate the clay. The rollers 
are usually made about 20 in. diameter, and about 3 ft. 
long. . They are fed by hand, through a hopper at 
top. 

Having thus described the machinery generally in 
use for the preparation of the clay, whether plastic or 
dry, we proceed to illustrate a few of the brickmaking 
machines themselves, commencing with those for operat¬ 
ing on moist or plastic clays. 

Fig. 6 represents a large machine as constructed by 
Whitehead, of Preston, in which the rough clay thrown 
in between the rollers at top is ground, and then passes 
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at once into the vertical pug-mill, and is thence expressed 
ill two contiiiuous prisms of the size in section of a brick 


7 . 



on flat, and which ai’e at intervals cut transversely 
into bricks by the wires of the frames, seen in the front 
of the dravtdng. These are moved by hand. 

Fig. 8 represents another I'orm of machine, in 
which the claj", already tempered, is drawn in and con¬ 
tinuously expressed by a pair of rollers, the prism 
being cut asunder into bricks by the radial wires 
forming the arms of the wheel C, which is moved auto¬ 
matically. 

An extremely simply-contrived and most efficient 
French machine of this class was exhibited in 1862 in 
the French department. It was an invention of M. 
Jardin, and manufactured by Cazenave & Co., Paris. 
At work in the Exhibition, it made at the rate of 
twelve thousand per day of ten hours, with only the 
attendance of two men. The division of the prism of 
clay was effected by wires attached to a wheel moved by 
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machine, which combines the crushing rollers, jjug- 
mill, and hrick-forming in one machine. 

These machines are largely run upon, and have been 
employed extensively by our great contractors, and 
upon many public works—facts which give the best 
assurance that they answer well. 

One of these machines weighs about tons, and of 
this second size, with about 8 or 10 horse power, will 
turn out from 76,000 to 90,000 bricks per week. 

We now come to another class of machines working 


Fig. 10 , 



with plastic claj', though capable of employing chu 
nearly dry, or at li'ast very stiflly tempeied. The 
machine shown in fig. 10 consists of a verfical pug-mill, 
into the upper part of which the clay is fed, and in 
which it undergoes tempering and mixing, and, I'u 
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rcac’liiiig the bottom of the mill, is pressed into the 
moulds, of the form aiul size of brick required, which 
lire nrrnnged in the form of a circular revolving table. 
As tin's table revolves, the piston-rods of the moulds 
ascend an inclined spiral plane, and so gradually lift the 
liricks out of tin- moulds, whence they are taken from the 
machine by a boy, and placed on an endless band which 
carries the bricks direct to the “ waller.” The speed of the 
several parts is so arranged, that the operations of 
pugging, moulding, and delivery proceed simultane¬ 
ously in due order, the whole being easily driven by a 
steam engine of about 6-horse power, which, at the 
ordinary rate of working, will make 12,000 bricks per 
day; or with 8-horse power from 15,000 to 18,000. 
In consequence of the great pressure to which the clay 
is subjected in the moulds, the bricks produced by this 
machine may be made from atiffer clay, so that less 
water has to be evaporated in the drying, thus saving 
much of the time required for hand-made bricks, and 
avoiding the risk of loss from bad weather. 

One point of importance to remark as respects this 
last class of machines, compared with the previous one, 
is this—wire-cut bricks are smooth and perfect in form, 
provided the clay be not only perfectly plastic, but per¬ 
fectly xmiform and free from adventitious particles. 
If, however, the plastic clay contains gravelly par¬ 
ticles, or be of such a quality that it is necessary to 
mix it with ashes or “ breeze,” then the section made 
by the passage of the wire drags out and after it more 
or less of these solid particles, and the faces of section 
are rough and uneven; in such cases resort is best had 
to those machines of pressure only. 

In the following brick-pressing machine also, for 
plastic clay, the moulded bricks are delivered by the 
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machine directly on to the horizontal belt that carries 
them away; so that the labour of attendance is nearly 
limited to feeding the tempered clay into the top 
hopper. We are not aware to what extent as yet this 
ingenious machine has been employed. 

Figs. 11, 12, 13, and 14 illustrate a brick-pressing 
machine recently patented by Mr. W. Longley, of Leeds. 
The inTention relates to an arrangement of brick¬ 
moulding machinery* whereby bricks are produced from 
“ wet” clay, having great solidity, with a smooth ex¬ 
terior, and containing a less amount of moisture than 
those produced by hand, or by machinery at present in 
use. 

Fig 11 is a side elevation of the machine; fig. 12 is 
a partial end elevation, showing in longitudinal section 
the cylinder which carries the moulds, and presents them 
successively to a conical hopper to be fed with day; fig. 
13 is a cro.ss section of the mould-cylinder, showing its 
connection with the hopper; and fig. 14 shows the 
means used for locking the cylinder, so as to keep the 
moulds stationary while being filled and discharged. 

A A is the main framing of the machine, upon which 
is mounted in suitable bearings a horizontal cylinder B. 
This cylinder is cast with open ends, and it is fitted 
near the middle of its length with a series of four 
moulds, C C, arranged radially around it. These moulds 
are formed by recesses cut through the periphery of a 
projecting band a a, that surrounds the cylinder, having 
their ends closed by the rings b b (bolted to the cylin¬ 
der) : a series of close chamhers, D D, are formed in a 
similar manner between the moulds for receiving steam 
for heating the latter. Immediately above this con¬ 
centric projection of the cylinder B, and in close piox- 
imity thereto, is situate the hopper E, in which a screw 
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is mounted for forcing down the clay into the moulds 
as they are presented to the former. Fitted into the 
moulds are plungers, F, the stems of which project 
through thednner periphery of the cylinder B, and are 
intended for discharging the bricks from the moulds; 
the inner periphery of the cylinder B is also pierced to 
receive the ends of a cruciform arrangement of steam 
pipes, G (fig. 13), for supplying steam from a central 
pipe running in the direction of the axis of the cylin¬ 
der to the chambers D ; an intermittent axial motion is 
given to the cylinder, for the purpose of bringing the 
moulds severally under the hopper to be filled, and 
subsequently under the action of a plunger the clay thus 
filled into the mould presented to it is compressed 
therein. When this is effected, and the cam in its 
revolution has passed out of action, the weighted crank 
lever draws back the plunger N out of the mould. An¬ 
other movement of the cylinder B now takes place, and 
the compressed brick is brought down to the position 
for being discharged on to an endless apron O. This is 
effected by the stem of the plunger, F, of the mould, 
being pressed upon at its rear end by the rocking lever H. 
This rocking lever is mounted on a bent bracket arm 
attg^hed to the main framing, and it is provided with a 
roller, which bears upon a rocking cam having a stud 
pin on the framing for its fulcrum. This rocking cam is 
jointed to a rod, which connects it with a rocking arm, 
pendent from a bracket on the framing. The arm 
carries a roller which bears against a cam on the cam. 
shaft; the revolution therefore of the cam shaft gives 
a recqirocating motion to the cam H, thus causing 
it to rook the lever H, and depress the plunger that has 
been iMrought beneath its inner end. This depression 
of the plani^er effects the discharge of the brick, which 
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is facilitated by the beating of the moulds througb the 
admission of steam as before explained. To prevent 
the adherence of the clay to the compressing plunger, 
that is made hollow, and steam is conveyed into it by 
an .arrangement of jointed steam pipes, as shown at fig. 
11. The discharged brick is received on to an endless 
apron, 0, which receives motion from the spur wheel 
on the cylinder B, gearing into a spur wheel on 
the axle of one of the carrying rollers of the apron. 
The cylinder B is also furnished with a ring, in the 
periphery of which are four notches, corresponding 
with the moulds. These notches (see fig. 14) are for 
the purpose of receiving the taper end of a locking bar 
P, which, when it is desired temporarily to lock the 
cylinder (as at the moment of filling, pressing, and 
discharging the moulds), is thrust forward by a cam on 
the cam shaft pressing upon a roller, mounted on the 
end of the locking bar, which slides in guides provided 
to receive it. The release of the cylinder is effected 
by throwing back the locking bar by means of a 
weighted crank arm, as in the case of the compressing 
plunger. 

This machine (fig. 15), the subject of a patent, is 
made by Whitehead, of Preston; it works upon tem¬ 
pered clay also. The merits claimed for it consist in 
simplicity of construction and efiicient performance. 
The junk of clay or brick may be previously moulded 
as for other pressing machines, but with this machine it 
is not absolutely necessary to previously mould the lump, 
if only sufiicient clay be supplied to make a brick, and 
be simply placed in front of the piston; it then is forced 
into the mould or die (of which there are four on a 
revolving shaft) of the desired size, and any superfluous 
bulk of the clay is cut off, thus making all the bricks 
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perfectly true and of uniform dimensions. During the 
return of the piston the box of dies or moulds resolves 
one-fourth of the way round, thus bringing another 
empty mould, which has alreadv been oiled and cleaned 
by a self-acting lubricator, directlv opposite the piston, 


Ft,7. 16. 



to receive the next brick. In the meantime, a self¬ 
acting push-plate forces the brick, already pressed, out 
of the die upon a self-acting table prepared for carry¬ 
ing it away. 

The following wed-arranged machine belongs to the 
class which can operate upon either plastic or dry clay, 
but which is, in our opinion, best adapted to the former. 
The makers and patentees, Messrs. Bradley and Craven, 
of Wakefield, have had a large experience in machinery 
of this sort. 

Simplicity of parts and strength are the main cha¬ 
racteristics of this machine. 

If the material be coarse or strong, it must be crushed 
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before b(!iug })iiS8ed into the hopper, into which it may 
be (le]iv('red either with or without water. 

Two moulds receive the charge of (Jay at once. 
While these are being filh;d, the two that had been 



just before tilled are being subjected to a considerable 
pressure, and the two bricks that had just previously to 
that been so pressed are in process of delivery, out of 
the moulds and on to a flat belt which takes them 


For the production of smooth, well-squared facing 
bricks this machine works extremely well. 

We now arrive at the last class, namely, of ma¬ 
chines intended specially to operate upon dry clay, or 
nearly dry clay. 

Amongst these we may notice the patent machine of 
Hersey and Walsh, which has been recommended b\ a 
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competent authority—Mr. Humphrey Chamberlain, 
Consulting Pottery Engineer, formerly of Kempsey, 
near Worcester. 

This machine is stated to have been an American 
invention, which attracted attention from the simplicity 
of its movements and the enormous power it was capa¬ 
ble of exerting with a small amount of friction. It 
was found working successfully in the United States, 
and arrangements made for its introduction in this 
country. It produces an excellent article, and works 
satisfactorily here also. 

Some few alterations had to be made to adapt it 
to English-sized bricks, as American bricks are little 
more than one-third the cubical contents of the English. 
The weight of these machines is about 25 tons, which 
is necessai'y to withstand the enormous pressure they are 
capable of exerting. They are made with any number 
of moulds from 2 to 8. With 6 moulds, and driven bj" 
a 6-horse engine, to deliver 24 bricks per minute, one 
machine is capable of giving 330 tons pressure on the 6 
bricks j and if worked by a more powerful engine, the 
pressure can be increased, only limited by the strength 
of the machine. As few clays require more than 20 or 
30 tons on a brick, from 4 to 6 horse power is ample. 
The motions of this machine are performed by a pair 
of cam wheels, the pressure being communicated by a 
pair of rollers nmning on the cams, with the mould 
pistons fixed on the shaft between them. The moulds 
are raised and lotvered by the same cams. The bricks 
are delivered and the moulds re-fed with dry clay from 
the hopper by a feeder worked by friction. The ma¬ 
chine, after pressing 6 bricks, delivers them on a board 
ready for removal, so that tln^y go dii'ect to tlu' kilns 
without being handled or injured. The whole machine 
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is fixed on one bed-plate,* and is made of such streugtJl 
as not to be likely to got out of order. 

'I'lic following machine will afford a sufficiently clear 
not ion of the constrnct/ion, or at least the general prin¬ 
ciples of construction, of the great majority of dry- 
clay brick-machines wliich have been brought into 
successful action. 

Fig. 17 represents the dry-clay brickmaking ma- 
nj. 17. 



chine, of which Messrs. Bradley and Craven, of Wake¬ 
field, are the inventors and patentees. 

One of the disadvantages or difficulties of making per¬ 
fectly sound and solid bricks from completely dry clay, 
however finely pulverised, is that the air lodged in the 
interstices of the clay dust is sometimes not easily and 
completely expelled by a single compression, but lodges 
in one or more irregular cavities into which it has col * 
lected, and so leaves the brick hollow. One of the 
main objects of this machine is to obviate that evil. 
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which is proposed being accomplished by its possessing 
the power of relieving each brick from pressure, and 
again applying it, so as gradually to force out the air, 
and finally consolidate the brick, and that to an extent 
that a single pressure, though greater, and hence 
exerting a greater strain on the machine, might not 
accomplish. 

The patentees state : “ By this machine two or three 
distinct pressures call be given to each brick. If two 
pressures (that is, upward and downward) are sufficient 
to produce a good article from the clay, then the ma¬ 
chine makes two bricks at a stroke, or for every revolu¬ 
tion one brick by each eccentric. If the clay is of such 
a character that the whole of the air cannot be expelled, 
or the dust sufficiently condensed to make a perfect 
brick by two pressures, then a third is given by carry¬ 
ing the brick round under the second eccentric. With 
most clays two pressures will be found sufficient. It is 
only necessary to test a little of the clay to be worked 
so that the machine may be adjusted to mould and 
press from any kind of earth equally good bi icks. The 
only change for giving three pressures is, to adjust 
the machine to I'un faster, and change the inclijied 
plane for giving the upward or first pressure, and 
delivering the bricks. The action of the machine is 
easily understood. The clay being delivered by an 
elevator from the crushing rollers into the hopper of 
the machine in motion, the tappet wheel turns the 
mould table the length of one mould. This action 
delivers two empty moulds under the hoppers to receive 
clay, delivers tw'O bricks to the attendant, and gives a 
powerful upward pressure to the clay received in the 
moulds that have just left the hoppers. The table is then 
for a moment stationary, while the two eccentrics give 
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tlio liiml hiraii) on two brickfi. Wlmii tho eccentric 
pistons art' rloar of tho inonhJ.s tho tapi)ct again turns 
file table one brick’s lengili, uinl the same action is 
renewisl. During the time the <;eeontric»‘'are giving 
picssure, the falili' is liehl tfimily by a stop, which ic 
then released.” 

Tlie last of this ela.ss which we shall notice is the 
dry-clay maelrine ol’ Wil.soiij of Camphelltield Brick- 
wdrks, hUasgow', whieli was exhibited in action at the 
Dxhtbition of 18h2. 

Tlu) ptHiuliarit.y of wanking of this machine is, that 
the diy and pulverised clay prepared for being made 
into bride i.s carried along antomatically to the hopper, 
and, just before being delivered into it, is subjected to 
being blowm upon by the waste steam discharged from 
the non-condensing engine wdiich drives the machine. 
The result is a slight condemation of steam on and in 
the pores of the clay, and a .slight Ttarmmg of the clay 
itself. From this arises a much-increased tendency to 
rapid and perfect agglutination in the clay when sub- 
mitited to pressure in this state, betw'een W'et and drjs 
and a much readier expulsion of the air involved in 
the mass. There is not the slightest doubt of the 
great advantage derived from this very simple mode 
of treating the dry clay prior to compression. 

There are several contrivances in Mr. Wilson’s ma¬ 
chine, as to details, also of value, especially one by 
which the maximum pressure possible is so regu¬ 
lated that the destruction of the machine is guarded 
against. 

One great improvement yet remains to be made to 
render perfect dry-clay brickmaking machines, namely, 
to adapt to them the same method that W'as employed 
by Mr. Brockedon, in his patent for compressing dry 
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powder of plumbago into a dense and solid block to be 
sawed into pencils, namety, the operating the compres¬ 
sion in a vacuum, so that the air involved between the 
particles of dry clay (or dust, if quite dry) being thus 
extracted, the mechanical pressure is free to act fully 
and solely in producing condensation and agglutination 
of the clay particles. 

Any one of the.brick machine.s of the first class, 
down to fig. 8, inclusive, may, by a suitable alteration 
of the discharging dies and receiving tables, be made 
to express and form perforated bricks, moulded bricks, 
drain or other pipes, or tiles of any sort, as in 
Fig. 7. 

We shall therefore confine our illustrations of tile- 
making machinery, specially so designed, to two exaui- 
ples, viz., to fig. 18, the large drain-pipe machine of 


18 . 



Page and Co., of Bedford, which forces out a con¬ 
tinuous hollow cylinder fr<,im the plasiic day (as at A 
fig. 19), and fig/19. 
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The luucliine by Whitehead, of Preston, for pressing 
one end of the cylinder so cut off to a given length, as 



at A, into the socket form, as at B, fig. 19, so that the 
lengths shall go together with spigot and faucet joints. 

Dies, of various forms, prepared to adapt to any of 
the brick or tile machinery, are supplied by the makers, 
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by which almost any form (solid or hollow, tubular or 
raultitubular, i.e., perforated like “perforated brick”), 
that can be produced by the advance of a given section 
parallel to itself, may be formed. The figures in Fig 7 
show a few of the more usually employed sections— 
those at the right bei^ng drain-pipes, those in the middle 
for building purposes, and the left-hand ones for roof¬ 
ing use. 

In addition to the machines for brick and tile making, 
which we have thus pretty copiously illustrated, there 
are other machines almost innumerable for making 
special forms in plastic or in dry clay, referable to the 
great family of bricks and tiles. A great tribe of 
these machines, to which our space forbids our making 
any allusion, is employed in Great Britain and abroad 
in the manufacture of encaustic, or inlaid, or intaglio 
tiles for flooring and other architectural purposes. 
Those who desire still more complete or enlarged infor¬ 
mation on the subject of this class of machinery should 
consult the Practical Mechanic'& Journal Record of the 
Exhibition of 1862, Mr. D. K. Clarke’s “ Exhibited 
Machinery of 1862,” the Reports of the Juries of 
Exhibition, 1862, and the volume of Abridgments of 
Patents, relating to drain tiles and pipes, bricks, tiles, 
and pottery, issued by the Patent Office, extending from 
1619 to 1861. There have been many patents since 
that date, and many descriptions of machines erf more 
or less value are also to be found scattered through the 
British and foreign mechanical journals, in encyclopaedia 
articles, &c. * Though not important for those employ¬ 
ing brick machinery at home, it may be desirable, for 
the information of British colonists, that we should in¬ 
dicate the form of portable high-pressure steam ertgine 
most usually employed for actuating such. It is that 
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shown in fig. 20, being one of this class of engines 
nuuiufiictured by Clayton and Shuttleworth. \^en 
brick.'), &c., arc I'cquired for a special contract or some 
private work presenting but a terminable demand, such 



portable engines are the best and cheapest in every 
way; but, for a great and permanent brickmaking 
establishment, engines upon fixed bed-plates or founda¬ 
tions are to be preferred. 

In concluding these notices of the apparatus of the, 
. mechanical brick and tile maker, we must not omit to 
call the reader’s attention to probably the greatest im¬ 
provement that has ever been made in the construction 
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of kilns, for at once drying and burning brick, viz., 
the patent brick-kiln of Hoffinann. 

This kiln is, in fact, an admirable adaptation to brick 
Fi/j. 21. 



drying and burning of Siemens’s regenerative principle 
of furnace, as will be apparent from tlie following 
Fig. 22. 



account, abridged cbiedy from a paper by Profe.ssor 
Jame.s Thomson, of Belfast. Fig. 21 is a half-plan on 
top of the kiln, the other being a horizontal .section at 





RimiMENTS OK THE 


ynn 

the level of tlie flues, leading into the centrjll chimney- 
R(alk, as seen in the vortical section, fig. 23. Fig. 22 
is a dingrarn of the whole to a reduced scale, which is 


m S8. 



referred to in illustrating the description of the mode 
of working of the kiln. 

The accompanying engravings illustrate this remark¬ 
able form of kiln, invented by M. Hoffmann, of Berb'n, 
but patented in England by Mr. H. Chamberlain, who 
supplies designs for their construction, &c. Some sixty 
of these kilns are already at work on the Continent and 
in Great Britain. The furnace or oven consists of a 
circular channel, 0, of any section, which receives the 
objects to be fired, introduced through doors in the 
outside wall; the fuel is fed in by apertures formed in 
ihe top of the arch. Flues lead from the bed of the 
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furnace to the smoke-chamber R, which surroimds 
the base of the central chimney, the communication 
with which can be cut off when required by means 
of caat-irdn bell-shaped covers. An intercepting 
damper can be lowered or placed in grooves built 
into the Avails of the furnace immediately behind each 
flue, so as to separate it at any distinct or equidistant 
compartment. The fuel passes through apertures which 
are constructed in the arch, and falls through channels 
formed by the objects to be burnt to a chamber in the 
bed of the furnace, from Avhich a certain number of 
small flues radiate to produce a free current from fire 
to fire. In practice it is found better to divide the 
kiln into twelve chambers, to which there are twelve 
entries or doorways, and the same number of flues 
commimicating with the smoke-chamber, and just as 
many openings in the arch for the reception of the 
large intercepting dampers—thus the furnace can be 
divided at any one of the twelve parts, ii'or clearer 
distinction, these compartments may be numbered, as 
in fig. 22, from 1 to 12, of which tAvo, Nos. 12 and 
1, we will suppose are separated by the intercepting 
damper. The objects to be burned may be bricks or 
tiles, &c. Suppose the fire in full operation—the doors 
leading to the compartments 1 and 2 being open, No. 1 
for filling it with fresh goods, and No. 2 for taking 
out those already burnt. The chambers Nos. 3, 4, u, 
and 6, which are all filled with burned goods, are 
gradually cooling by the air entering through the doors 
of Nos. 1 and 2, and as it passes on through warmer 
and at last glowing ware, it Avill result that the kiln 
fires are supplied with atmospheric air almost as hot as 
the furnace itselt’. In chamber No. 7 the fire is burn¬ 
ing, and when its contents have reached the desired 

R 
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temperature, No. 8 will have arrived at such a degree 
from the absorption of the waste heat, that the fuel 
introduced from the top is instantly inflamed. 

The compartments Nos. 9, 10, 11, and‘12, will be 
dried off, and heated one after another by the waste 
heat which passes through and expends itself on the 
contents of these chambers, and on its arrival in No. 12, 
meeting with the obstruction of the large damper, 
it is conducted by the small flue to the chimney, with 
its temperature again so lowered that it will only just 
support the draught. No. 1 being now filled again, 
the damper between 12 and 1 is lifted and lowered be¬ 
tween 1 and 2. The bell damper above the mouth of 
the flue No. 12 is lowered, and that of No. 1 lifted. 
The doorway of No. 12 is then closed, and that of 
the compartment No. 3 opened, the contents of which 
will be sufllciently cooled to be taken out, while No. 2, 
which is empty, can be filled again. 

On the 5th of January, 1864, Professor J. Thomson, 
of Belfast, read a paper on the manufacture of bricks, 
before the Ohemico-Agricultural Society of Ulster, in 
which he referred at considerable length to the Hofibnann 
oven. The following is an abstract of his paper ;— 
Having explained the chief methods in use for wor kin g 
the clay and forming it into bricks ready for the kiln, 
he then turned attention to the great loss of heat which 
occurs in the ordinary modes of burning bricks in com¬ 
mon kilns. This loss is twofold. Pii-st, during the 
burning of the bricks the air which has passed through 
the fuel, or among the heated bricks, and the smoke, 
including the gaseous products generally, passes away 
from the kiln to waste at a very high temperature, even 
at a red heat, during a considerable part of the process. 
Secondly, when the bricks are raised to the high tern- 
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perature i*eqmred to burn them, and render them peR^ 
manently hard, the great store of heat which they 
contain is entirely thrown to waste while they are 
left to cool. * In tHs new kiln a remarkable economy 
of fliel is effected, by saving the twofold loss of heat 
already mentioned: first, it saves the heat of the 
gaseous products of combustion and unconsumed air 
passing through and .away from the burning bricks, by 
applying. this heat effectively in drying the new fresh 
bricks about to be burnt, and raising them up to an 
incandescent temperature, so that oniy a very slight 
addition of heat frbm ignited fuel directly is required to 
complete their burning; and, secondly, it saves the 
heat of the cooling bricks, after their having been 
sufficiently fired, by appl3Tng it all again in warming 
the air which goes forward (o supply the fires; so that 
the fuel is bufnt with air already at nearly an incan¬ 
descent temperature, instead of requiring, as usual, to 
heat the air for its own combustion. Professor Thom¬ 
son explained, as an example, the large kiln which 
Mr. Moore was then constructing at his brick-works at 
Hayfield Park, in the neighbourhood of Belfast. The kiln, 
as will be seen, is built in the form of a large arched 
passage, like a railway tunnel, bending round in going 
forward on the ground till it closes with itself to form a 
great circiJar ring-chamber, within which the burning 
of the bricks is carried on. This ring-chamber may be 
of any convenient dimensions, 160 ft. diameter being 
a suitable size. Round its circumference there are 
twenty-four entrance doorways, admitting of being 
closed with temporarily-built bricks and clay, so as to 
retain the heat and exclude all entrance of air by the 
‘doorways so built up. The great ring-chamber may now 
be cqnceived as consisting of twentj'-four compartments 
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or spaces, wiili one of these doorways to each. In the 
centre of the ring a high cliimney is erected, and from 
each of the twenty-four comijartments of the annular 
chainher an underground flue leads info the chimney. 
There are, (hen, twenty-four of these flues convergmg 
towards (he centre like the spokes of a wheel, and each 
flue lias a valve, by which its communication with the 
chimney can b(3 cut ofh Arrangements are made by 
which a partition like a damper can be let down at plea¬ 
sure, or otherwise jilaced, so as to cut off all communi¬ 
cation between any of the twenty-four compartments of 
the rino-kiln and the next one. Let us now suppose the 
workiuo- of the kiln to have been already fairly esta¬ 
blished"^ for, after being once kindled, the fire is never 
extinguished, but the brnming of new bricks and the 
removal of the finished produce are carried on by a con¬ 
tinuous and regular process from day to day. iwo 
adjacent compartments have this day their entrance 
doors open, all the rest being perfectly closed Ly 
(he arrangement of the valves in the flues, and the 
large partition, the air which gets admittance alone 
by the two open doors has to go round the whole 
circuit of the ring-kiln in order to be drawn into the 
chimney. From one of the two open compartments 
men are taking out the finished and cooled bricks, and 
in the other one they are building up newly-formed 
miburnt bricks which are not yet quite dry. The air, 
eiiterino' by these two compartments, passes first among 
bricks almost cold and takes up their heat, and then 
o-oes forward to warmer bricks, and then to hotter 
and hotter, always carrying the heat of the cooling 
bricks forward with it till it reaches the part of the 
rill- diametricallv opposite to the two open and cold 
compartments. At this place it gets a final accession 
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of heat ftom the burning of a very smsiU quantity of 
small coal, which is dropped in among the bricks from 
time to time by numerous 'small openings furnished 
with air-tigiit movable lids. Thus at this part of the 
kiln there is generated the full intensity of heat which 
is required for the burning of the bricks. The hot air, 
including the products of combustion, which, for brevity, 
we msty call the smoke, though it is really perfectly 
gaseous and free from sooty particles, then passes for¬ 
ward to the bricks, which, by its continuous current, 
are being heated; and it passes on among them from 
hot bricks to those which are less and less hot, heating 
them as it goes, and then passes on to those which are 
still damp, drying them as it goes; and then it passes 
to the chimney, in a state almost cold, and saturated 
with the moistpre, in the form of steam or vapour, 
which it has taken from the damp bricks. On the 
lollowing day to that on which the operations just 
described have been going on, the partition is shifted 
forwards by the space of one compartment, and a 
corresponding change is made as to the flue which is 
to communicate with the chimney, and as to the pair of 
compartments open for the admission of air and for the 
regcioval of finished cold bricks, and the building in of 
fresh damp bricks; and so the air, including the products 
of combustion, at the end of its circuit in the annular 
chamber, just before passing ofi" to the chimney, now 
passes among the fresh bricks which were described as 
built in on the yesterday of this new day. The place 
where the small-coal fuel is thrown in is also advanced 
round the circle by the stage of one compartment; and 
so now the whole process goes on just as it did yesterday. 
The fire thus makes a complete circuit of the annular 
• chamber in twenty-four working days. The whole 
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process may be left dormant on Sundays, merely by tbs 
closing of all apertures for the admission of tbe current 
of air. The same kind of kiln, with the same process 
of working, is applicable in the burning oi‘ lime; and 
both for tlie brick-burning and the lime-buming, the 
saving of fuel, relatively to what is consumed by the 
ordinary methods, is such as to appear at first sight 
almost incredible. 

The Hoffiaann or Chamberlain kiln is not so easily 
applicable to burning lime as it is to brick, nor will it 
answer without considerable modification for burning 
thin and light tiles or pottery. There must be mass 
enough in the goods to be fired to afibrd the requisite 
magazine of absorbed heat to be afterwards used up, 
and the draught must not be impeded as by the breaking 
down of limestone when burnt into lime. 

Those kilns are not necessarily made circular. They 
are, indeed, now more usually rectangular, with 
or without rounded ends, in plan. When originally 
writing the preceding, the author of this chapter had 
not himself seen those kilns at work, and hence quoted 
from others as to their properties, &c. He has since, 
however, had occasion, professionally, to make himself 
fully acquainted with their construction and perform¬ 
ance, and can indorse fully all that has been stated, 
and, indeed, might say much more in their com¬ 
mendation. 

Many structural improvements and simplifications 
have latterly been made in those kilns; but as the 
patentee, Mr. H. Chamberlain, as a Pottery Engineer, 
is professionally engaged in providing designs for those 
who employ these kilns, it would nqt be fair that the 
writer should here enter into further details. 
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The following pajier was'read by Mr, Tomlinsoa at a meeting of the 
Geologists’ Association, on February 3, 18G2 ;— 

On tjie Plasticity and Onoun or Clay. 

It is a happy result of Bacon’s method of inquiry that science is 
not required to explain the causes of things, but to state the laws of 
phenomena. Nevertheles.s, while these laws are obseure, and facts 
are scattered, theory may often do good service by collecting and 
marshalling them ; for, as our great master of induction well observes, 
“Pacts are the soldiers, but theory is the general.” And again, 
“ Truth is more easily evolved from error than from confusion.” lhat 
is, a bad theory is better than none at all, for it serves to collect and 
arrange the facts, and thus makes them more easy to handle. 

In these remarks must be found my excuse to-night for endeavour¬ 
ing to bind together some of the facts respecting a property of a 
very common substance; namely, the Plasticity of Clay. 

The more I consider this property the more wcurderful and inex¬ 
plicable does it appear. Take a mass of dry clay ; it cracks easily, 
and crumbles readily : add to it a certain proiiortiou of wafer, and it 
becomes plantic —it obeys the will of the artist or the artizan, who 
can, out of this yielding mass, create new forms, or perpetuate old 
ones. Drive off the water at a red heat, and plasticity is for ever 
lost; ni)\dit\j takes its place: the clay is no longer clay, but some¬ 
thing else. It may be reduced to powder, and ground up with wafer; 
but no art or science can again confer upon it its plasticity. 

All this is very wonderful. Tlicre is another fact that is equally 
fo ; if we combine the constituents of clay in fbo proporiion.s iiuii- 
cated by the analysis of some jiure type of lliat substance, we fail to 
produce plasticity. I have on the table specimens of Dorset clays 
dry and crumbling; the same wet and plastic; and the same iu the 
forms of easts of fossils, which have been passed Ibcougb tb'* ti.e, 
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and have exchanged plasticity for rigidity. Tliey are, in fact, in the 
form of bixi'uit. 

With rcsjiect to the temperature at wiiich clay becomes rigid, we 
have no accurate information. It is much lower than is generally 
suppo-sed, as will appear from the following experiment;—I pounded 
and sifted some dry Dorset clay, and exposed it to a sand-bath heat 
in three portions varying from about 300° to 600°. Specimens were 
taken out from time to time, and rubbed up with water, but they did 
not lose their plasticity. Some clay was put into a test tube with a 
small quantity of mercury, and heated until the mercury began to 
boil. At this temperature (viz. 650°) the clay did not cease to be 
plastic. The flame of a spirit-lamp was applied, and the tube was 
lieated below redness; after which the clay, on being mixed with water, 
showed no sign of plasticity. 

In experiments of this kind, the first action of the heat is to drive 
off the hygrometric water. The clay then becomes dry, but is not 
chemically changed; it does not cease to be plastic. On continuing 
to raise the temperature, the chemically combined water is separated, 
and the clay undergoes a molecular change, which prevents it from 
taking up water again, except mechanically. With the loss of this 
chemically combined water, clay ceases to be plastic. 

It was, I believe, first noticed by Brongniart,* that we cannot pro¬ 
duce plasticity by the synthesis of clay. The fire clay of Stourbridge, 
for example, is a hydrated silicate of alumina, represented by the for¬ 
mula AI2 O3, 2 Si O2 + 2 Aq. If w'e mix one atom of the sesqni- 
oxide of alumina with 2 atoms of silica and 2 of water, we get a 
compound which cannot be called clay, since it is wanting in plasticity. 

It is quite easy to obtain either alumina or silica in the gelatinous 
state; but we cannot obtain them in the plastic state. 

Clay is almost the only substance in the mineral kingdom that pos* 
sesses plasticity. In loam, if the sand be in large proportion, and in 
marl, if calcareous matters abound, so as to deprive either material 
of plasticity, it ceases to be clay. There are also certain silicates of 
alumina which are not plastic ; such as bole, lithomarge, and fullers’- 
earth. Bole consists chiefly of a hydrated bisilicate of alumina, in 
which a portion of the alumina is replaced by sesquioxide of iron. 
Lithomarge also contains iron, and is sometimes so compact as to be 
used for slate-pencils. Fullers’-earth contains lime, magnesia, and 
iron, in addition to its principal ingredients. 

• “ Traits de3 Arts C^ramiqaes." Paris, 1844, Vol. 1, p, 83. 
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There is probably no substance so indeterminate in its composition 
as clay. Kegarding it, as Lyell does,* as " nothing more than mud 
derived from the decomposition of wearing down of rocks,” it must 
necessarily contain a variety of substances; such as oxide of iron, 
lime, magnesia, potash, silica, bitumen, fragments of undecoroposed 
rock, &c. These substances impair the plasticity of the clay, and 
impress upon it certain characters which are of more importance to 
the manufacturer than to the chemist, or the geologist. Brongniartf 
enumerates, and gives the analyses of no fewer than 167 clays and 
28 kaolins, all of which are in use in the arts in different parts of the 
world. They probably all differ in plasticity, but they all possess it; 
and at a high temperature exchange it for rigidity. A rough method 
of measuring the plasticity of different clays is to note the length to 
which a cylinder of each can be draum out in a vertical direction 
without breaking. In such a comparison, the clays must, of course, 
be worked equally fine, and contain the same proportion of water. 

It is commonly stated that the ingredient that confers plasticity 
on clay is its alumina; and yet, strange to say, pure alumina alone 
whether gelatinous, or after having been dried and ground up with 
water for a long time, never gives a plastic paste. Indeed, nothing 
can be conceived less plastic than gelatinous alumina, as may be seen 
from the specimens on the table. We may drive off most of the water 
from this gelatinous hydrate, but it will not become plastic. Or we 
may form clay by mingling solutions of the-silicate of alumina and the 
aluminate of potash. You see they are perfectly fiuid. I apply the 
heat of a spirit-lamp, and we get an opalescent gelatinous mass, but 
still no plasticity. We have, indeed, formed a gelatinous clay. 

We cannot say that the gelatinous state of alununa is the cause of 
plasticity in clay; for silica may be made as gelatinous as alumina, 
silica is certainly not the cause of plasticity. It may be that the 
strong affinity of alumina for water (retaining a portion of it even 
when near a red heat) may be the cause of this property—just as 
turpentine renders wax plastic; and water and gluten confer the 
same property on starch. 

We have seen that clay ceases to be plastic when its chemically 
combined water has been driven off. Still, however, water cannot be 
said to be the cause of plasticity, as a general property, since we 
have, is melted glass, a more perfect example of plasticity even than 

* **M*nQaI or Elementary Geology " (186S), p. 11, 
t " Dee Arte CSnmlqaet,*’ Atlae of Platm 
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in clay ; and few substances are more plastic than seaUng-wax at a 
certain temperature. 

A clear idea of plasticity, and of some of the other mechanical 
prolwrtics of matter, may probably be gained by considering them as 
variations of the forces of cohesion and adhesion, and by bringing 
these, in their turn, under Newton’s great law of attraction, which, 
whether exerted between atoms or masses, is directly as the mass, 
and inversely as the squares of the distances. 

Now, if wc suppose the, distances between the molecules of matter 
to be l-millionlh or billionth, or 2, 3, 4, 5, 0, &c., millionths or bil¬ 
lionths of an inch asunder, the intensity of their attractions will be 1, 
itli, J-th, .iV'h, &c., or, to represent it in a tabular form ;— 

Dislances 1 2 3 4 6 6 7 8 9 10, &C. 

Intensities of attraction 1 -4- -J- iV 3V t’lr TiV iV Tott* &C. 
Siip[)ose the molecules to bo of the same density, but at different 
listances apart, as represented in the upper line. At the distance of 
l-mi!liontli of an inch we get an intensity of attraction represented 
by 1. At 2-millioiitlis of an inch the force of attraction is only one- 
fourth. Now, i,he idea is this, that the mechanical properties of 
matter,—such as porosity, tenacity, hardness, brittleness, plasticity, 
elasticity, &c., de[)end upon variations in the attractive force of the 
molecules according to the distances apart of such molecules. Thus, 
if the molecules of clay require to be 5-millionths of an inch apart 
in order to produce plasticity, the intensity of attraction between, 
them will be represented by TjVth; but if such clay be passed through 
the fire, and the molecules, in consequence of the escape of water, 
be brought nearer together, and rigidly fixed at 4-millionths of an 
inclr asunder, the force of attraction will then be xVfb. 

Now, the method of arranging the particles of clay at that precise 
distance that shall impart plasticity, is one of Nature’s secrets that 
wc have not yet succeeded in penetrating. It may be that the circum¬ 
stances under which clay is formed and deposited, or the time that 
has elapsed since its formation, or the pressure of the superposed 
layers, may have so arranged the particles as to enable them to 
become plastic when the proper proportion of water is added. It 
may be that a certain state of disintegration is required on the part’ 
of the alumina and the silica, so that their proximate elements shall 
be neither too fine nor too coarse; or it may be that the silica, in 
combining with the alumina, separates the atoms of the latter to pre¬ 
cisely those distances required for the development of the property; 
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or, lastly, the presence of a small portion of animal or other organic 
matter in clay may hare something to do with this remarkable pro* 
perty. 

An extensive series of experiments, by Delesse,* show the presence 
of animal matter in quarts and yarioos rocks, where its presence had 
not previously been suspected; and this may have as important an 
effect in modifying the properties of a mineral as the presence of 
minute portions of Imdies, formerly entered as imparities, has ia 
producihgpseudomorphous crystals. 

Still, the question reCurs, Why is not a clay artificially formed 
from pure materials plastic? The answer is, that we do not know all 
the conditions of plasticity. We th know the conditions under which 
some mechanical properties exist—such as the hardness of steel, the 
brittleness of unaunealed glass—and can confer or remove such pro¬ 
perties at pleasure. But with respect to plasticity, we can only confer 
a factitious property of this kind on mineral substances by taking 
advantage of another property which it somewhat resembles, namely, 
viscosity or viscidity. Viscosity differs in plasticity in this, that the 
viscous body does not retain the form impressed upon it when the 
force is removed, as a plastic body does. The materials of the old 
soft porcelain of Sevres had no plasticity; but this property was con¬ 
ferred by means of soft soap and parchment size.f 

Without speculating further on the nature of plasticity, I may 
remark that in the ancient philosophy the word was one of power. 
Derived from the Greek vXaaatw, or irXaTTnv, “ to form,” or " to> 
create,” it , not only included the arts of modelling in clay, but also 
sculpture and painting, and, by a refinement of language, poetry and 
iDesic. Plato and Aristotle even supposed that a plastic virtue; 
resided in the earth, or did so originally, by virtue of which it put 
forth plants, &c.; and that animals and men were but effects of this 
plastic power. They did not suppose the world to have been made 
witKlabour and difficulty, as an architect builds a house; but that a 
certain “ efficient nature” {natura effecirix) inherent and residing in 
matter itself, disposed and tempered it, and from it constructed the 

* “ De I'azote et des matitres organiqnes dans I'ecorce terrestre."—Annates 4ts 
Himnsy XTlii., 1860. 

t Bropgnlart (“Des Arts C6ramiques") says that tho oidporeelaines tendretwerB 
fomed of 22 per cent, of fused nitre, 60 of Fontainebleau sand, 7-2 of salt, 3*6 of alum, 
.»*6 of soda, and 3-6 of gypsnna. These materials were fritted and ground, and 75 
IWts taken, to which were added white chalk 17 parts, marl 8. This mixture was 
gronod, sifted very fine, and made up into a paste with l-8th soft soap and size, or, at 
a later period, wiUi gua tragacauth. 
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whole world. Aristotle dbtinctly recognises mind as the pnnclpa\^ 
and directing cause, and natura as a subservient or executive instru-' 
ment. Even in later times men have contended for the existende of 
a plastic nature, or incorporeal substance endowed with a vegetative 
life; but not with sensation or thought, penetrating the whole uni¬ 
verse, and producing those phenomena of matter which could not be 
solved by mechanical laws. The learned Cud^Prth supports this 
view,* and the discussions into which it led him and other metaphy¬ 
sicians form a curious chapter in the history of the human mind. In' 
England we do not now retain the term plasticity, except as a phy , 
sical property of matter ;f but in Germany it has stUl an extensive 
figurative meaning. The word plastisch still means bildehd or^'^ 
schopferisch (i.e. “creative”); and it is still applied not only to sculp¬ 
ture, but also to painting, poetry, and music. A German well under¬ 
stands the expression “ plastische Gedanken,” or “ plastic thoughts.” 

: Before concluding, I would refer to another property of clay, which 
seems to me as wonderful as its plasticity; namely, its orfowr when 
breathed on, or when a shower of rain first begbs to wet a dry clayey 
3 oil. This odour is commonly referred to alumina, and yet, strange 
to say, pure alumina gives off no odour when breathed on or wetted. 
The fact is, the peculiar odour referred to belongs only to impure 
clays, and chiefly to those that contain oxide of iron. This was 
pointed out by Brongniart as far back as 1816,f who also remarked 
that minerals which do not contain alumina, such as pulverised chal¬ 
cedony, possess this remarkable property. 

I have found that a pure kaolin, ground up in a mortar with a 
small quantity of water, emits a slight odour, which, however, 
becomes much more sensible if a little sesquioxide of iron be 
added. 

Smooth quartz pebbles when rubbed together give an electric spark, 
and a fetid odour. It is commonly supposed that sea-side pebbles 
alone possess this property; but the odour belongs equally to those 
found among gravel overlybg the chalk, and in ploughed lands where 
the surface is exposed to all the vicissitudes of the weather. It is quite 
possible that the odour of these pebbles may hereafter be traced to 
the presence of organic matter; but I cannot resist the reproduction 
here of a suggestive hmt given me by my friend Professor Bloxam, 

• Bee “ The Trae Intelleotnel System of the Unirerse," by Ralph Cndworth, D.D., 
1678. A reprint has been published by Tegg, In which see Vol. I., p. 226, «t ttq. 

•t Dr. Johnson defines ptcaiie as “ having the power to give tuna." 

X “ DicUonnaire des Sciences Naturelles,” art. Argik, 
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«rho is reminded by the spark and odour from these pebbles of the 
presence of ozone. 

What, again, is the cause of the odour in the harrow parts of stone 
buildings, not of new buildings alone, but of old ones, as in the stair¬ 
cases of old cathedrals P - 

I do not attempt to reply to these questions. It requires some 
amount of knowledge and experience to put them—but how much 
more to answer them! 


Ok Daying Beicks. 

<JExlracied from Noble's "Professional Practice of Architects,” p. 143.) 

" The observations by Richard Neve, above a century since, upon 
stock bricks, will illustrate the subject: ‘ When the hack is as high as 
they tliink fit, they cover them with straw till they are dry enough to 
burn, ’ &c., &o. He proceeds; ‘ A brickmaker being sent to Rum- 
ford, in Essex, went to work unadvisedly, and laid them abroad in a 
place to dry; but the sun, about ten o’clock, began to shine very hot, 
and the whole quantity of bricks burst to pieces, so that he was forced 
to go to work again: and then, before the sun shone too hot, he 
thatched or covered them over with straw till the next morning, 
when removing it, they did very well when set on the hack; and 
when burnt, were curious red bricks, which would ring when hit with 
any hard thing.’ ” 

Ok the USB OP Coal Dost ik makikg Clamp Beicks. 
^^stractedfrom Noble's “ Professional Practice of Architects” p. 153.) 

“ Natives should be employed (»» making bricks in Wales) in the 
inanulacture, in preference to London hands, as the former use coal 
dust in preparing the earth, and not breeze (ashes), as about London; 
and provided an undue portion of coal is used, a whole clamp would 
be destroyed, of which there was an instance at Lampeter (Cardigan¬ 
shire). An Islington brickmaker was sent to Wales, and as he was 
too conceited to make inquiries, or to receive information, set light 
to a cka^ he had prepared with coal, being 70,700; and in a very 
•iHwt time the whole kiln was in one general blaze. The man being 
alarmed, took to his heels, and, unlike Lot’s wife, he turned not 
back, neither looked behind him. Even from the heights leading to 
Laadoveiy the reflectum was quite enough for him ; nor did he stop 
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till he reached Lotidon, bebg, as he said, ‘afeared* the; would eaich 
him and put him in prison! ” 


Bhickmaking ax Gbeat Grimsby, Lincolnshire. 

Large quantities of bricks have been made during the last few 
years at Great Grimsby, for the Dock Company, from the Humber 
silt. These bricks are remarkable for their colour, which varies in 
the same brick from dark purple to dirty, white, passing through 
various shades of blue, red, and yellow, in the space ol two or three 
inches. The silt, when first dug out of the bed of the Humber, is of 
a dark blue colour, which soon, from exposure to the air, .changes to 
a brown. 

The bricks made for the Dock Company were bujat in close 
blamps—fired with layers of small coal, but without coal-dust or 
ashes being mixed with the clay as in London brickmaking. With 
the first clamps there was much waste, the quantity of fuel being 
excessive, and the bricks were cracked and made brittle in conse¬ 
quence ; but the experience obtained by the first trials has led to the 
production of a sound well-burnt brick, with, however, the pecubar 
colcfur above mentioned. 

Considerable quantities of bricks have been lately made for sale at 
Great Grimsby, and burnt in clamps with flues, as in kiln burning, 
which method appears to be attended with less w'aste than close 
clamping. 

The slack or small coal used for fuel may cost from 2s. 6rf. to 4s. 
per 1,000 bricks. The cost of clay getting, tempering, moulding, 
and drying, is about 8s. 6rf. per 1,000. The moulds used are of 
wood, plated with iron. The process employed is that known as 
slop-moulding. 

Kilns as well as clamps are used in this part of Lincolnshire; their 
construction being similar to that of the kilns in general use in the 
Midland Counties. 


Bbickmaking in SUFJrOLK. 

Two kinds of bricks are made in Suffolk, vis., reds and whites. The 
latter are much esteemed for their shape and colour, and large quan¬ 
tities arc annually sent to lioudou, for facing buildings of a superior 

class. - "■ 
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The supplies of brick-earth are chiefly derived from the plasoiu 
clays lying above the chalk, although the blue clay is occasion¬ 
ally used. 

The clays in most parts are too strong to be used as they rise, 
and have‘consequently to be mixed with a white loam or a 
milder earth. 

Tempering. —The clay is turned over in February and March, and in 
some parts of Suffolk it is passed through the wash-mill, but 
this' is not generally the case. 

Tempering is generally performed by spade labour, but the 
pug-mill is sometimes used, although not commonly, for white 
bricks; it is, however, used for all other white ware. 

Moulding.—The brick mould is of wood, shod with iron; the dimen¬ 
sions vary slightly according to the nature of the clay, but are 
usually as follows: 9gths long by 4rr^ths wide and deep. 
There is no hollow formed in the bottom of the brick for the 
mortar joint. Brass moulds are unknown. 

Sea sand is used in the process of moulding, for sanding the 
mould and the table. 

The strike is used for taking off the superfluous clay from the 
mould. The use of the plane is not known. 

Drying. —^The bricks are not dried on flats as in the Midland Coun¬ 
ties, but are taken directly from the moulding stool to the hacks. 
Sheds arc used in some yards, and drying houses with flued 
floors are used in winter for pantiles and kiln tiles, but not for 
bricks. 

The length of a hack is about 70 yards, and each moulder 
-wwill keep four hacks going. 

The time required for drying in the hacks of course varies 
according to the weather, but may be stated on an average at 
about eighteen days for red bricks. White bricks dry somewhat 
quicker. 

The contraction of the clay in drying amounts to about | in. in 
the length of a brick, and, if properly burnt, the shrinkage in 
the kiln is imperceptible. 

The teeighi of a brick, when first moulded, is about 8 lbs.; 
whep dried, about 7 lbs.; and when burnt, about 6 lbs.; but 
mudi depends upon the nature of the earth. 

Bnn^,—The construction of the kiln is quite different from that of 
the kihis nMd in other parts of England, having two arched 
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furnaces running its -whole length underneath the floor, 
which is formed of a kind of lattice work, through the 
openings of which the heat ascends from the fomaoes 
below. 

The cost of erecting a kiln to burn 50,000 whites is about 
£145. A kiln to burn 35,000 reds costs about £100. 

The bricks are commonly set in the kiln in bolts two 
bricks long by ten on; but some brickmakers prefer to cross 
them in the alternate courses, in order to admit the heat 
more freely. 

The fuel used is coal, and the quantity consumed is 
about half a ton per 1,000 for white, and 7 cwt. per 1,000, 
for* red, bricks. 

The lime of burning is about 60 hours for white, and 40 
hours for red, bricks; white bricks requiring a greater heat 
than the red ones to bring them to their proper colour. 

Cost of Manufacture. 

The selling prices vary from £l 8s. to £2 per 1,000 for reds, 
and from £2 to £2 10s. per 1,000 for whites. 

Of red bricks two qualities only are distinguished, viz., 
outside and inside; of white, four qualities are distinguished, 
viz., best, 2nd, 3rd, and murrays. 

The price of the ordinary red brick is about £l 8s. per 1,000, 


and the cost may be thus divided:— 

£ s. d. 

Clay digging, per 1,000 . . . .0 2 0 

Tempering, ditto ... . . .010 

Moulding, ditto . . . . . .046 

Drying, ditto. .006 

Moulding sand, ditto . . . . .009 

Ban-owing from hacks and setting kiln, ditto 0 16 
Burning, ditto . . . .• . .016 

Drawing kiln, ditto.0 0 6 

Stacking, ditto.0 0 3 


Cost of labour per 1,000 £0 12 6 
Coals, about . . . .-..070 

Rent, tools, contingencies, and profit . .086 


Selling price at the yard, about £18 0 
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White bricks are made in many parts of England, but the Suffolk 
whites have the pre-eminence over all others. 

The white bricks made near Lincoln are remarkable for swelling 
when laid in work, which causes them to throw off the mortar joints, 
and renders it impossible to make use of them in good work. 

The clay from which these bricks are made extends from the 
Witham northwards as far as the Humber, and, so far as we are 
aware, possesses the same property throughout this distance, the 
bricks made from it at various points between the Witham and the 
Humber having the common defect of swelling after burning. A 
curious specimen of this may be seen in a large chimney at Saxilby, 
which has a complete twist, from the irregular sw'elling of the brick¬ 
work. 

The peculiar property of swelling after buiiiing is not confined to 
the Lincolnshire white clay. The author was informed some years 
ago, by Mr. Vignoles, C.E., that some of the bricks made on the 
Midland Counties Line of Railway, between Rugby and Derby, had 
the same defect. 

I'or the above particulars respecting the Lincolnshire white bricks 
we are indebted to Mr. William Kirk, of Sleaford. 


On the Making and Burning of Dr.un Tiles. 

Extracts from a communication by Mr. Law Hodges, published in 
the Journal of the Royal Agricultural Society of England, Yol. Y. 
Part II. 

“ Reflecting on these obstacles to universal drainage, where 
required, I conferred with Mr. John Hatcher (brick and tile maker, 
and potter, Benenden, Kent), on the possibility of erecting a kiin 
of common clay that would be effectual for burning these tiles, and 
of cheap construction—and the result was the buihling one in my 
brickyard in July last, and the constant use of it until the wet 
weather at the commencement of this winter compelled its discon¬ 
tinuance, but not until it had burnt nearly 80,000 excellent tiles; 
and in the ensuing spring it will be again in regular use. 

"I shall now proceed to take in ord^r the six points enumerated 
under the 9th head of the Prize Essays for 1815, as printed iu th* 
last volume of the Royal Agricultural Society’s Journal, viz,;— 
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“ 1 h1 . Mode of working clay according to its qoalitj'. 

“ 2nd. Macliinc for making tiles. 

“ .Srd. Slicds for drying tiles. 

“ 4tb. Construction of kilns. 

“ 5th. Co.st of forming the establishment. » 

“ Gth. Cost of tiles when ready for sale. 

" 1st Point. Working the clay. 

“ All clay intended for working next season must be dug in the 
winter, and the earlier the better, so as to expose it as much as pos- 
.'<iWe to frost and snow. Care must be .taken, if there are small 
stones in it, to dig it in small pits, and cast out the stones as much 
as possible, and also to well mix the top and bottom of the bed of 
clay together. It is almost impossible to give minute directions as 
to mixing clay with loam, or with marl when necessary, for the better 
working it afterwards, as the difference of the clays in purity and 
tenacity is such as to require distinct management in this respect in 
various localities; but all the clay dug for tile-making will require to 
be wheeled to the place where the pug-mill is to work it; it must be 
there well turned and mixed in the spring, and properly wetted, and 
finally spatted down and smoothed by the spade, and the whole heap 
well covered with litter to keep it moist and fit for use through the 
ensuing season of tile-making. 

“2nd Point. Machine for making tiles. 

“ Por the reasons already alluded to, I prefer Hatcher’s machine- 
Its simplicity of construction, and the small amount of hand labour 
required to work it, would alone recommend it; for one man and 
three boys will turn out nearly 11,000 pipe tiles of 1 in. bore in a day 
of ten hours, and so in proportion for pipes of a larger diameter; but it 
has the great advantage of being movable, and those who work it draw 
it along the shed in which the tiles are deposited for drying, previously 
to their being burnt: thus each tile is handled only once, for it is 
taken off the machine by the little boys who stand on each side, and 
at once placed in the rows on either side of the drying shed, thus 
rendering the use of shelves in the sheds wholly unnecessary, for the 
tiles soon acquire a solidity to bear row upon row of tiles, till they 
reach the roof of the sheds on either side ; and they dry without 
warping or losing their shape in any way. 

“The price of this machine is £25, and it may be proper to add, 
that the machine makes the very best roofing tiles that can be made, 
and at less than half the price of those made by hand, as well as 
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being much lighter, and closer, and straighteiT, in consequence of the 
pressure through the die. 

“ It is necessary, in order to ensure the due mixing of the clay, as 
well as to form it into the exact shape to fill the cylinders of the 
machine, to h«ve a pug-mill. Messrs. Cottam and Hallea make these 
also, and charge £10 for them. This mill must be worked by a 
horse; in gen^ one day’s work at the mill will furnish rather more 
prepared clay than the machine will tain into tiles in two days 

“ 3rd, ^oint. Sheds for drying. 

“ The sheds necessary for this system of tile-makmg will be of a 
temporary kind; strong hurdles pitched firmly in the ground in two 
parallel straight lines, 7 ft. apart, will form the sides of the sheds, 
and the roof will be formed also of hurdles placed endways and tied 
together at the top, as well as to the upper slit of the hurdle, with 
strong tarred twine, forming the ridge of the roof exactly over the 
middle of the shed. They must then be lightly thatched with straw 
or heath, and the sharpness of this roof will effectually protect the 
tiles from rain. Two of these sheds, each 110 ft. long, will keep 
one of the kilns hereafter described in full work. 

“ N.B.—These sheds should be so built as to have one end close 
to the pug-mill and the clay-heap, only leaving just room for the 
horse to work the mUl, and the other end near the kiln. Attention 
to this matter saves future labour, and therefore money. 

“ 4th Point. Construction of kilns. 

“ The form of the clay kiln is circular, 11 ft. in diameter, and 
'7 ft. high. It is wholly built of damp earth, rammed firmly together, 
and plastered inside and out with loam. The earth to form the walls 
<8 dug out round the base, leavmg a circular trench about 4 ft. wide 
ai^as many deep, into which the fire-holes of the kiln open. If wood 
be the fuel used, three fire-holes are suflScient; if coal, four will be 
needed. About 1,200 common bricks are wanted to build these 
fire-holes and flues; if coal is used, rather fewer bricks will be 
wanted, but then some iron bars are necessary—six bars to each fire- 
bole. 

" The earthen walls are 4 ft. thick at the floor of the kiln, are 
7 ft. high, and tapering to the thickness of 2 ft. at the top; this 
will determine the slope of the exterior face of the kiln. The inside 
of the wail is carried np perpendicularly, and the loam plastering. 
inside becomes, after the first burning, like a brick wall. The kiln 
mi^ be aafelj erected in March, or whenever the danger of injury 
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Fig. 3. 



from frost is over. After the summer use of it, it must be protected 
by faggots or litter against the wet and tlie frost of winter. 

“ A kiln of these dimensions will contain— 

47,000 1-in. bore pipe tiles. 

32,500 U 
20,000 If 
12,000 2i 

and the last-mentioned size will hold the same number of tiic iiicli 
pipes inside of them, making therefore 24,000 of both sizes. In good 
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weattier this kiln can be filled, burnt, and discharged once every fort¬ 
night ; and fifteen kilns may be obtained in a good season, producing— 
705,000 1-in. pipe tiles. 

Or 487,500 IJ „ „ 

Or 300,000 IJ „ „ 

and so on in proportion for other sizes. 

“ N.B.—If a kiln of larger diamettr be built, there must be more 
fire-holes, and additional shed room. 
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Most of tlicse clajs, as found in nature, contain some organic matter* 
and poltblos of foreign bodies. Unless these are of hard pyrites or 
limestone, they are unimportant. Flinty pebbles can generally be 
oruslied in the clay-mill, or taken out by the screen or rieve. 

Clays should, if possible, be delivered into the brick-yard in their 
moist natural slate; for when they have been permitted to dry up 
under a scorching sun or drying vrind, they shrink and harden 
greatly, and the labour of mixing into good brick “ stuff” is greater, 
and the plastic mixture not as free and nice 5 s before. 

Whether a natural clay contains much or little sand naturally is 
not important. Every clay requires more or less grinding and mix¬ 
ing ; and when sand in a separate form is at hand, it is easiest and 
best mixed in such proportions as we may require in the pug- 
mill. Clays naturally very rich in lime or in the alkalies (derived 
from felsj)ar) are the worst, and in fact a clay that contains more 
than about 5 per cent, of lime, at the utmost, is scarcely fitted for 
good brickmaking. 

If the lime be in the state of carbonate, it is so much the worse; 
and if it exist in the state of dill'used limestone or chalk-pc&Wcs, 
it is wmrst of all; for these burn into caustic lime in the brick-kiln, 
and then as in after-time the brick absorbs moi.sture and carbonic acid, 
the contained nodules of lime “slack,” and swell in their places, 
and so burst the brick to pieces. This is one of the most prevalent 
evils of the ill-made bricks which are almost universal in Ireland, 
arising from the wide diffusion of limestone gravel in that country, 
and the total neglect of grinding or efficient sifting of the clay. 

Iron pyrites also is a not uncommon accidental product present in 
clays, and unless separated, durable, to say nothing of well-coloured, 
brick can never be made of the clay. The pyrites in the kiln is but 
partially decomposed: oxide of iron and basic sulphides of iron 
rem.ain. When at an after-period these are exposed to air and moisture, 
which are absorbed to all depths in brick, oxidation takes place, 
su!j)bate of iron, and frequently also sulphates of lime or alums 
(sulphates with double bases), are formed, and, crystallising within the 
mass of the brick, split it to pieces. 

Common salt is nearly always present in minute quantity in clays; 
but when these are taken from the sea shore, or without or beneath the 
sea-washes, or from localities in and about the salt-formations (trias), 
they frequently, though in all other respects excellent clays, are 
unfit for burning into good brick. Chloride of sodium is not only a 
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powerful flux when mixed even in very small proportion in clays, but 
possesses the property of being volatilized by the heat of the brick¬ 
kiln, and in that condition it carries with it, in a volatile state, 
various metallic compounds, as those of iron, which exist in nearly all 
clays, and also act as fluxes. Thp result is that bricks made of such 
clays tend to fuse, to warp, twist, and agglutinate together upon the 
surfaces long before they have been exposed to a sufiScient or suffi¬ 
ciently prolonged heat to burn them to the core into good hard brick. 
“ Place bricks ” can be made of such clay, but nothing more; and these 
are always bad, because never afterwards free from hy geometric moisture. 

Much carbonaceous matter naturally mixed in clays is also in 
certain staites objectionable, for when not burnt completely and in the 
kiln, which is sometimes with the denser clays difficult, the bricks 
are of a different colour in the interior and exterior, and will not bear 
cutting for face-work, without spoiling the appearance of the brick¬ 
work. But, worse than this, such bricks when wetted in the wall 
occasionally pass out soluble compounds like those absorbed from 
soot by the bricks of tile flue, and, like those (when used again in new 
work), discolour plastering or stucco-work. 

The normal constituents of brick clays, then, may be said to be 
oxides of the earthy metals, and of a few others, hydrated or not, 
with silicic acid, and with small amounts of the alkalies, potash and 
soda, also present, together with several other chemical elements 
occasionally, but uncertainly, present in minute proportions, with which 
we need not concern oursdves. Silicic acid, the great electro-nega¬ 
tive element of clays when combined with the oxides of the earthy 
bases, singly or in combination, and exposed to high temperatures 
in certain proportions, forms glass or enamel (/.c., opaque glasses), 
jlhmina, though in a less degree, also plays the part of acid towards 
the earthy bases, though itself a base with respect to silicic acid. 
As regards the oxides of the earthy metals, alumina, lime, magnesia, 
&c., these, in accordance with the general law of chemistry, that 
bodies in the same range combine, oxides with oxides, &c., also 
combine at high temperatures. The most powerful bases, such as 
the alkalies or oxides of potassium and of sodium, and the oxides of 
iron, combine more readily with silicic acid than do the earthy oxides. 
These combinations usually take the form of glass at once, the chiel 
characteristic of which is the vitreous fracture. When such glasses 
are formed with oxides of earthy bases also present, they may assume 
erystalline or porcellaneous textures when cooled. 



Porcelain, rarllicnware, and liard brick (such as the Staffordshire 
or Flintshire blue bricks) consist in substance of such compound 
glasses, ililliiscil tliicMighout their substance unifornily, and binding 
logether the finely-diffused particles of the excess of earthy oxides 
\vhi(!h arc present, or binding together fragmentary bits of uniformly- 
diffused silicic acid (sand, ground flint, &c.). The degree of fusi¬ 
bility, or of |)artial fusibility (agglutination), of any hard-baked brick 
(h'peiids, then, not oidy upon the chemical nature of the constituents 
of flic clay, but upon the proportions in which these are present. 

The laws, so far as ihoy have been ascertaiticd, upon which depends 
flu; induration or agglutination by beat of silicic and earthy compounds, 
with or without other metallic oxides present, have been elicited 
from innumerable ex[)crimcnts made by ceramic chemists upon very 
varied compounds. The plienomena are complex, and in great part 
as yet in results only empirical. We must refer for these to the 
works of Kir wan (“ Mineralogy”), who made very many experiments 
upon known combinations of earths when exposed to heat—which 
have not in England attracted the attention they deserved—of Achard, 
Brongniart, Berthier, Lampadius, and various systematic chemical 
writers. Silica, alumina, lime, magnesia, are all infusible, per «e, at 
the highest temperature of the porcelain furnace or brick-kiln. 

Silicic acid combined with any one earth is less fusible than when 
combined with two or move—a proof that not only the silicic acid 
combines with each earth, but that these in its presence combine 
' with each other. Binary compounds of silicic acid and of earths, or 
of earths with earths, are most usually infusible except at still higher 
temperatures. Compounds of silicic acid with alumina are less 
fusible than with lime, and these less so than with the alkalies. 

With oxides of iron, silicic acid forms fusible compounds in certain 
proportions. Magnesia, present in large proportions with either of 
the other earths, produces a very difficultly-fusible compound. 
Where the silicic acid constitutes the largest proportion of the mass, 
it is much more fusible, the bases being two others combined, with or 
without alkalies; but if the silicic be in great excess (as in Dinas 
fire-brick), or if one or other of the earthy bases be in great excess, 
more especially alumina or magnesia, the mass is infusible in the 
kiln. 

All difficultly-fusible and pulverulent oxides, as when obtained by 
precipitation or by levigatiou, when exposed for some time to a high 
temperature, become bard in grain, i.e., indurated more or less, and 
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irequentlj compacted. This is true even of some pure earths, sucli 
as alumina and magnesia, and of nearly all the oxides of the com¬ 
mon metals. Compound oxides, when so exposed to heat, become 
still more indurated and compact, though presenting no traces of 
agglutination* or of fusion. Thus alumina and sesquioxide of iron 
become compact. This induration, which is probably rather a change 
in the state of molecular aggregation than a chemical combination, 
but which may be both, is much concerned in the production ol 
certain qualities of brick; for example, the fine, soft, scarlet cutting 
brick—that which was so much employed for fine facing-brick in the 
reign of William III., down to George II.—presents no sign of 
agglutination; its constituents have merely become partially indurated 
and compacted by the fire. The same is true of many of the light ■ 
coloured bricks now in use. 

Two sets of forces, then, are, or may be, in play in the burning 
of brick—chemical, and physical or molecular—and must be held 
in view by the scientific brickraaker. To the latter belongs the co?i- 
traction that takes place in the process of firing of all porcelain and 
brick. This is greatest with those which contain most alumina, and 
with any given specimen, is great not only in proportion to the eleva¬ 
tion of tlie temperature to which it is exposed, but with the duration 
of the time of exposure. It is least in compounds in which the silicic 
acid predominates ; and if these pass partially from the crystalline to 
the vitreous state of aggregation in the firing, the specific gravity is 
reduced, and the increase of volume may more than equal the contrac¬ 
tion. This is said to be the case with Dinas fire-brick, which, when 
highly heated in furnaces built of it, is said to expand. 

Were brick constituted of silicic acid and jpwre clays only, it would 
be perfectly white. Bricks, like porcelain, owe their solour to admixed 
metallic oxides—iron in various states of oxidation, from prot. 
oxide to sesquioxide, or true chemical combinations of those wiili 
each other, or with the earths themselves, and present in the most 
varied proportions, give the whole range of colouring to bricks, from 
tbe lightest tawny yellow, through full yellow, orange, and to the 
rich scarlet of red facing-brick, almost as bright as red-lead. Where 
the proportion of oxide of iron present is very large, and it com¬ 
bines with silicic acid to form silicates of iron in or on the brick, 
its colour may be dark purple or nearly black, as is the Staffordshire 
blue brick; and when a small quantity of oxide of manganese is 
present also, the colour is still darkened, and may become quite black. 
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For li-lil-colourcil bricks the clays must be almost free from iron, 
aiui llic latter must not be peroxidised, if possible, in the burning. 

For Ibc production of fine red brick, on the conl.rary, the clays 
must be ))ure, silicic acid not present in cxcc.ss, oxide of iron 
ivrescnl in abundant proportion, and be fully peroxidised, but must 
not be fused into a silicate of peroxide of iron, which is fatal then 
both to the texture and colour. 

With a given constitution of brick clay, the final colour of the 
liuriit brick dcpcnd.s upon a large number of conditions in the pro¬ 
cess of firing, but mainly upon two—viz., what proportion of air be 
admitted to the combustion of the fuel in the kiln— i.e., whether the 
brick be finally burnt with an oxidising or a deoxidising flame; and 
wliether or not, or in what proportion, steam or water Ire present in 
the brick, or be brought in the state of vapour in contact with it, 
when at elevated temperatures. 

Upon an exact knowledge of the effects producible by the play 
of these conditions (chiefly) upon the brick in burning rests the 
power of tlie brickmaker to vary or maintain with certainty the good 
colour of Ids ware, or to effect any desirable changes of colour of 
wliich his material may be susceptible. 

From this very incomplete sketch it will be seen that brickmaking 
is one of the chemico-mechanical arts. Being so, w'e need scarcely 
say that the foundation of all accurate and predictive knowledge of it 
must be based upon a sound knowledge of chemistry, and of the laws 
of physics, and of heat especially, which is but a branch of the latter. 


NOTES. 

COLOUKED BjIICKS. 

Quite a new branch of trade remains to be opened in the manufac¬ 
ture of coloured and intaglio bricks, so treated upon the one face- 
side only, for both external and internal decorative building. 

What may be done in tins way may be seen in the Romanesque 
domes of the interior covering of the great centre hall of the 
museum building of Trinity College, Dublin, erected, a few years 
since, by Messrs. Dearie and Woodward, architects, in which ordinary 
bricks are enamelled in brilliant glazed colours, arranged in designs, 
upon the exposed face only. 

The German architects are generally in advance of us in the art 
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of ornamental polychrcme l^ckwork, avoiding those hideous discords 
of colour that so offend the eye in many of our London buildings. 
See especially for this “Les Constructions en Briques, par Louis 
Degen, Ing^nieur de la Commission Sp^ciale d’Architecture de la 
Ville de Munich,” published in 1865, at Paris. It is marvellous 
how much beauty the German brick arcliitects contrive to extract 
out of the judiciously-ananged patterns producible from mere common 
brick, combined with delicate and beautiful harmonies of tint and 
colour. 

Ihfusoeiai Siliceous Matemals, p. 22, 

The bricks with which the arching of the floor of the Museum at 
Berlin was built, were made from this infusorial siliceous and micro¬ 
scopically porous material, mixed with a certain proportion of clay 
" slip.” 2^ny of the floor arches of the Pinnacotheca, however, 
were constructed of hollow bricks, in the form of frustra of cones, 
like flower-pots without bottoms, laid into place with plaster or 
cement. 

Materials exist in Southern Italy in abundance, as also in many 
other places, from which brick of considerable strength and of great 
lightness might be readily and cheaply made, viz., either from certain 
varieties of volcanic tufa or from pumice-stone detritus. Of the 
former there are suitable beds close to Naples, and elsewhere; of the 
latter, inexhaustible supplies exist in the islands of Lipari, Ischia, 
aud the Ponza Isles, from which it might be brought with facility. 

Plasticiti and Odoue op Clay, p. 210. 

It is eertamly not a general fact that no chemically pure preci¬ 
pitates are characterised by plastieity. Precipitated carbonate of 
lime and white-lead are instances to the contrary; but nearly all 
precipitates (especially when rapidly made), though to the eye 
amorphous, are in fact crystalline, as Stokes long ago proved micro¬ 
scopically (Dublin Phil. Mag .); and crystallised bodies are often not 
plastic. 

Wateb Chemically Combined oe Mechanically Peesent, p. 212. 

Water mechanically present is one thing, but water chemically 
combined is another. Hydrate of alumina, in which the water plays 
the part of base, is a different body chemically from the alumina 
dehydrated and separated from its base by heat. The former may 

T 
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possess plasticity, the latter not, simply because the former has the 
power to retain, intimately diffused throughout its divided mass 
w'ater in mechanical mixture, while the latter has not. This diffused 
water seems to be the real cause of the plasticity of (^ay and of all 
plastic precipitates; the minute, solid, and rigid particles slip over 
each other, as it were upon liquid rollers, just as two plates of glass 
or metal slip over each other when a Slro of water is interposed. 
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4iniili«'» til« machine, 109. 
Alaioioa, nw of, in brick earth, 14. 


Blue IriclH, 21. 

Breeze deecribed, 19 i«,; aw of, I 7 
l>;Ddon brickmakcra, 122 ; qnan* 
• ^ required for lOOfiOO bricla. 


V,Z. 


Idlnge, lilt of earlj, 4. 
th, compoeition 14; f 


Brick-kiln*, Imtcb, dcecribed, 4B. 

Brick-kilniL Hoffmano’e, dcecribed, 
237—244, 

Brickmaking, introdaetkm into Eng¬ 
land hr the Romane, 4; perfeetioa 
of, in time of Henry VIII., 4; the 
Kience of, 262—270. 

Brickmaking machinca deaeribed— 
Oatea’a, m ; Wbitehead'a, 216 ; 
ClayWa, 219; dry-clay machinca 
—Bradlw and Craven'a, 230; 
Wilaon’a, 232. 

Ifrick-modd dcecribed, 9%. 

Brick-prcaaing maebinea deaeribed — 
Lon^i^: mitebcad'a, 226; 
Bra&y Craren'a, 227; Har- 
aeyand Walab'a,228. 

Briclu, eoionred, 21,270. 

Bricka,drat nw of. 1; cai* ' 
by the Doteb, 3; appt 
by the Patch. 47; Homan nac of, 
8 ; repeal of the dntiea on, 8 ; 
acbedole of dntiw on, 7; atrength 
ht Mckai, 9; compariaon of the 
atrength of band and machine- 
made bricka, II; nw aa a bnild- 
fog material after the fire of Lon- 
doHf 

Bricks maanfacture of, 12: aariona 
mo^of maanfactaring deaeribed, 
9} oalow of, 20 ; infloence of the 
■■■ a of Olay oa 
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the edoor of brlelm 20 ; aariation 
in tho wright of, 10; drying, 251; 
naoal form of, 84; warping of, 33; 
weekly produce of a London yard, 
37 ; annual manufacture m, in 
Great Britain, 8. 

Bricka, manufacture of, by machi¬ 
nery, 195; liat of patenta for, 196; 
machinca deaeribed, 197 ; atrength 
of machine-made bricka, 203. 

Bricka, Egyptian, 2; two claaaea of, 
19; wiim hollow beda, 84; for 
railway work, 26. 

Burning, proccw of, 88. 

Chalk, uw of. In brickmaking, 18, 


Cbeabun^ brickmaking at, 157. 

Clamp-buming deaeribed, 38. 

Clay, anal^ris of, 12,115,265; com¬ 
position of, 13; properties of, 245; 
cannot be produced artificially, 
246; iU pUaticlty, 248—271 ; 
odour of, 2M; dig^ng, 22; pro- 
eew of prepariug, 24; tables of 
cokmr, order of fusibility, 4c., 
118. 


Clay, dry, machines for working, 230 
Clay, machines for preparing, 212— 
215; clay crushing and grinding 
mill, 212; pug-mill, 27, 213; per¬ 
forated png-mill, 214 ; portable 
elay-miif, 215; compoeite machinw 
for crushing and tempering, 215. 
Cla^ton’e horizontal brick machine, 

Coal, analysis of, 117. 

Coal-dust, nw of, for making clamp 
bricks, 261. 

Compound for brick-earth, 14. 
Copper moulds^ method of usinm 30 
Cupola, 40. ^ 

Cutten, 19. 
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Dense bricks, disadvantages of, 32. 

Dinas fire-bricks, 16; manufacture 
of, 16. 

Drain-pipes, machine for the manu¬ 
facture of, 205; manufacture of, 
bv machinery, 195. 

Drain-tile.s, manufacture of, 43 ; 
making and burning, 255 ; cost of, 
261 ; machine for making, 256 ; 
cost of, 256; sheds for drying, 257 > 
working the clay, 221. 

Drying, proce.ss of, described, 35. 

Duich. their early use of bricks, 3. 

Dutch bricks, size of, 48. 

Dutch method of burning bricks 
described, 50. 

Dutch tile kilns described, 53; me¬ 
thod of filling the kilns, 53, 4'j; 
fuel used for, 43. 

Dutch tiles, method of making, 52 ; 
method of glazing, 54; mode of 
burning, 53. 

Encaustic tiles, manufacture of, 
189; colours, production of, 191 ; 
colouring the tiles, 192; glazing, 
193 ; moulding, 192; plain tiles, 
193; slip described, 192. 

Fire-bricks, 15; value of, 18. 

Fire-claj’s, composition of, 15 ; where 
found, 17. 

Floating bricks, 21. 

Fuel for brickburning, 41. 

Fusible earths, 19. 

Grinding described, 23. 

Holland, manufacture of bric^ and 
tiles in, 47. 

Hollow bricks, form of, 207; method 
of using, illustrated, 209 ; machine 
made, 207; Roman use of, 207; 
use of, in Tunis, 207. 

Kiln described, 38; circular, 40; 
burning described, 39, 40. 

Lincolnshire, brickmaking in, 252; 
cost of production, 252. 

Loams, 14. 

London-made bricks, superiority of, 
19. 

London, brickmaking in, 119 ; pro¬ 
cess, 138; cost, 159; arrangement 
of a brickwork, 123; cost of ma¬ 
terials, 159; breeze, 155; cost of 
breeze, 159; brick-earth, 119 ; 


cost of chalk, 159; chalk mill, 
164; clamp described, 144; clamp¬ 
ing, 144; foundations of the ciamp, 
149; upright of ditto, 150; paving, 
154; necks, 152; clay described, 
120; cost of the cla};. 159; digging 
the clay, 138; quantity of clay 
required for 1,000 bricks, 139; clay 
washing mill, 165 ; use of chuck- 
hold, 125 ; process of firing, 152; 
cost of fuel, 159; - hacking de¬ 
scribed, 142; hack barrow, 136; 
hack ground, 136; cost of labour, 
162 ; edkt of machinery, 161; pro- 
cessuf maiming, 139; malm, 120; 
hand methoii of preparing malm, 
120; chalk mill de.scribed, 123,164; 
cUy mill, 123 ; brick mould, 135 ; 
moulding, 141 ; moulding-stool, 
125 ; pallets, 136; pug-mill, 123 ; 
pugging, 141; cost of sand, 159 ; 
Ecintles, 154; scintling, 143,149; 
recess of soiling, 140; use of soil, 
22; cost of soil, 159; use of stock- 
board, 135; hse of the strike, 136 ; 
tempering described, 141; cost ef 
tools, 161; cost of water, 159; 
cost of wood, 159; illustrations of 
London brickmaking, 164. 

London brickmaking: bats, 156 ; 
place bricks, 156; burnovers, 153; 
buns, 156; clinkers, 153; cutters, 
155; grizzeles, 156; malms, 155; 
paviouis, 156; pickings, 156; 
seconds, 156; shuffs, 156; grey 
stocks, 156; rough stocks, 156. 

London tile making described, 167; 
block board described, 175; build¬ 
ings, 170; clay getting, 183; kiln, 
183; kilning, 186; illustrations 
to, described, 186; moulding, 184; 
moulding-shed, 173; pantile table, 
174; place grounds, 187; plant, 
170; roll described, 177; sling, 
description of, 170; slinging, 184; 
gplayer, 180; tempering, 184; 
thvracker, 183; thwacking, 185; 
thwacking frame, 160; thwacking 
knife, 183; thwacking stool, 183; 
washing-off frame, 178; wash¬ 
ing-off table, 177; weatliering. 
183. 

Maris, 14. 

Minton’s encaustic tile manufactory 
described, 19L 

Moulding, process of, 28. 

Moulding table, 29. 
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XcrtoB coal, aoaljsb ut, 117. 

Nottingham, brickitiaking at, 55; 
prucMs of, 80; Ulnatratioas of, 
described,^; lotting,83; eootof 
buildings, 88; barning d^ribed, 
S4; colour, brick-earth, 57; 
coi-t of ditto, 87; brick-monlds, 
70 i bricks, number made per day, 
84 ; size of bricks, 84; brick-jard, 
general arrangements, 59; clapper 
described, 73; clay digging, 
clar mill described, 63; dressing- 
bench, 73; dressing dejeribed, 
82; drjing process, 81 ; flats 
described, 71; fuel for the kilns, 
86; hovel described. 61, 72; kiln, 
75 ; setting the kiln, 84; cost 
of setting and drawing kiln, 86; 
cost of labour, 90; coat of land, 
87 ; machinery for pressing bricks, 
74; cost of machinery, ^; cost 
of nuinuf-icture, 87 ; moulding de¬ 
scribed, 80; moulding sand, 68; 
moulding table, 68; plane de¬ 
scribed, 71; polished bricks, 83; 
pressed bricks, 83; tempering de¬ 
scribed, 67, 80; cost of tools, 00; 
wash mill described, 66. 

Otters bricfcmaking machines, 196; 
coet of, 204; rate of production, 
204. 

Ornamental brickwork, examples of, 

6 . 

Pallet moulding described, 29. 

Pgving tiles, 42. 

Pn^d bricks, defects of, 33. . 

Prosser’s method of making bricks, 
82. 

Png-mill described, 27. 


Red bricks, 21. 

Refractory clays, compesitioa of, 15. 
Roofing tiles^ 42. 


Sand, ob]eet of niing, 122. 

Silica, nae-of, in btickmaking, 14. 
Slip kiln, 32 a. 

Slop monlding described, 28. 

Soil, term described, 27 n. 
Staffordahira brickmaking described, 
* K^ 97; buildings described, 97; 
bviiing,90; eUy, described, 95; 
cost cf Buaafactnre, 101; drying, 
9^ firing. 100; Ulastradons, 
US; moSiAia§, 98, 103; own 


described, 100; plant ^aeribed. 
97; rate of prodnetion, 97; rental, 
101; specific gravity of the bricks, 
when raw, dried, and burned, 
99; tempering, 97; weight of the 
bricks, 99; arrangemenu of yard, 

Staffordshire tile making, 105; claar 
of tiles made, 95; drain tiles, 
108; drying, 107 ; manner of 
drying. 111; firing, 113; illnstra 
tions to, deiicribed. 111; machines 
for making, 108 ; moulding, 107 ; 
moulding bench described. 111; 
pug-mill described, 106; setting 
descritjed, 108; tempering, 106; 
weathering, 106. 

Stourbridge clay, 15L 

Striking tire clay, 28. 

Suffolk, brickmaking in, 252; burn¬ 
ing, 253; clay, 253; dr-ing, 253; 
cost of manufacture, 254; mould¬ 
ing, 253; cost of pliant, 254; tem¬ 
pering, 253. 

Table of analysis of different kind? 
of clay, 13 a.; of analysis of 
Norton coal, 117; of analysis of 
Staffordshire clays, 115; of the 
colour of Staffordshire clays, 116; 
of the cost of 1,000 bricks, London 
make, 162; of the cost of London- 
made pantiles per 1,000, 187; of 
the cost and profit on 1,000 Ifot- 
tingbam-made bricks, 91; of the 
cost and selling price of Stafford 
quarries, dust bricks, and roof 
tiles. 111; of the fusibility of 
Staffordshire clays, 116; of the 
price of fire-bric^ of various 
mannfactures, 18; showing the 
proportion of bases contained in 
Staffordshire clays, 116; of the 
relative value of different qualities 
of bricks Nottingham make, 91; 
of the selling price of London- 
made tiles, 187 ; of space required 
for each moulding-stool by either 
process, 37; of loss of weight in 
diying and burning, 99; of the 
strength of hand and machine- 
made bricks, 11, 

Taxes upon bricks, 6; repeal of the, 


I 


Tempering, 25; process dneribed, 

Terra-cotta, early use of, 5. 

Tess«««, Minton’s, 193; Roman 
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procfiss ilesci ibod, 10.3, modern 
procBss described, 194. 

Tiie-hnrninfr, 44, 255. 

Tile-kilns, con.struclion of, 183,189, 
257 : in Holland, 63. 

Tilo-niaking in England, 42; in 
Holland, 52; in Staffordshire, 
105 ; in London, 167. 

Tile-m.aking machines, Ainslie’s, 109; 
Halcber’s,256; Fage’s,233; White- 
head’s, 234. 

Tile-inonlding, 184. 

Tileries, London, 167 ; Staffordshire, 
105. 

Tiles, encaustic, manufacture of, 189. 

Tile.s, manufacture of, 42; schedule 
of duties on, 7; cost of manufac¬ 
ture, 186; manufacture of, in 
Hollami, 52. 

Tower of Babel, burnt bricks used in 
building, 1. 


Unsoiling, 22. 

Utrecht, principal seat of tile uiarjii 
facture in Holland, 64. 

Ventilating bricks, 35. 

Washing described, 24. 

Weathering, process of, 22. 

White bricks, 21. 

Whiteliead’s brickmaking machine, 
216; brick-pressing machine, 226; 
cliiy crushing and grinding mill, 
212.; perforated png-mill, 214; 
tile-making machine, 234. 

Wilson’s dry-clay brick machine, 

Wooden moulds, method of using, 


YeUow bricks, 21. 


THE END. 
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As applied to drive Flour Mills, and to give motion to Turbines and other 
Hydrostatic Engines. By Joseph Glynn, F.R.S. New Edition . 2/0 
Wells and Well-Sinking; 

By John Geo. Swindell, A.R.I.B.A.,and G. R. Burnell, C.E. IieVi«ed 
Edition. With a New Appendix on the Qualities of Water. Illustrated 2/0 

The Drainage of Lands, Towns, and Buildings. 

By G. D. Dempsey, C.E. Revised, with large Additions on Recent 
Practice, by D. K. Clark, M.I.C.E. Third Edition . . . 4/6 

The Blasting and Quarrying of Stone, 

For Building and other Purposes. With Remarks on- the Blowing up of 
Bridges. By Gen. Sir J. Burgoyne, K.C.B. . . ^ . . 1/6 

Foundations and Concrete Works. 

with Practical Remarks on Footings, Plankiite, Sand, Concrete, B^ton, 

' Pile-driving, Caissons, and Cofferdams. By E. Dobson, M.R.I.B.A. , 

Eighth Edition. . . .1/6 
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Pneumatics, 

Including Acoustics and the Phenomena of Wind Currents, for the Use of 
Beginners. By Charles Tomlinson, F.R.S. Fourth iidiiion , 1/6 

Land and Engineering Surveying. 

For Students and Practical Use. ByT. Baker. C-K. F.is^hteenth EdiHon. 
Revised and Jixteudcd bv F. E. Dj.xo.n, A. M. Irr^t C E prcffctcjonal 
ciate of the Institution of Survej'ors. With numerous lU.istrations and rw' 
Lithographic Plate.s. ^ 2 0 

Mensuration and Measuring. 

For Students and Practical Use. W’itri the A i J I 

Land for the purpo.ses of Modern Engineering. By i. i'.aker. C-E. istv,- 

Edition by E. Nugent, C.E. . . . 1'6 


MINING AND METALLURGY. 

Mineralogy, 

Rudiments of. by A. Ras-sav. b.G.S. Fourth Uddion, revi-'A 
enlarged. Woodcuts .ind Pi.-ites . 

Coal and Coal Mining, 

t Rb tl^uh 1 'i,. I/o L le" I II l 

Metallurgy of Iron. 

Containing Method-S of Assav. -\o.'->;y.--v ot Iron Orc-i. Pmrtcc-.;^ cS 
faciure of Iron anu Steet.t'cc. !5v ft. i< F li.s. ju 

Illustrations. Si.Ktn K-dition. rtn-i-sd-r; 

The Mineral Surveyor ami Valuers Co’iiplcwj G 

Atlgul.ur Surveying.' 

Slate and Slate Quarrying; 

Scieiitihc, Pi u n il 1 I Tti) II i 1 u 1' ( " <■ j-r '' 


Ilhii 

A First Book of Mining and Qiini 
..rui’tiV, 'l 1 F 

Subterraneous Surveying'. 

W^tii and wiMioul thf; NccO's- py 

CE. Il!u.strated. 

Mining Tools. 

Manuaiol. By Wili.iam MonG.ANs:. I.crlnr^r 
Bri.stol School ut Mnics .... 

Mining Tools, Atlas 

OfEii^raMnj t ti ii I 'j-tI te i 
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Historical Geology, 

Part t h IV 1 M \1 , < . P vs 

Tatk, A.L.b , Rc. W 'i.dL'ji" . 

Geology. Physical and Historical. 

Con.ststint; oi ■ PliysienM .r divt. v s. ; ■ i 
of the Siuence : ;iiM ” Hi i,i.<v;ev. v li 

Orvmiu C.iiui t us i i i u 
Tatk, t.G.S. 

' Electro-Metallurgy, 

Practically IrcaicU- bv Ai.kxavi.vk 'A a-t, 
and revised, lucluaiiii; tliv must Iserejii 1 rveess 
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MECHANICAL ENGINEERING. 

Th© Workman’s Manual of engineering Drawing. 

Jty John Maxton, Inslrucior in iLnjjuiccring Drawing, Royal Naval 
College. Gvccnwicli. Seventh JvJiiiou. 3<x> Plates and iJif.grains . 3/S 

Fuels: Solid, Liquid, and Gaseous. 

'I'liclr Analy.sis and Valuation, For ilie Use of Chemists and Engineers, 

P>y U. J. Piiiu.ii'S, F.CS., foruierly An.iiytical and Consulting Chemi>i 
to llic Great F^astern Railway. 'I'hird I'.diiion.2/0 

Fuel, Its Combustion and £3conomy. 

Consisting of an Ahridgnienl of “ A Treatise on the Combustion of Coal and 
the Prevention of Smoke.” Py C. W. Wiij.iams^ A.I.C.F. With Exten¬ 
sive .Xdditions by 1). K Clat^ic, iM.Iiist.C.E,‘ Fourth Edition . 3/6 

The Boilermaker’s Assistant 

In Drawing, 'J'cniiilating, and Calculating Boiler Work, See. Py J. Court- 
NEV, Praciical Boilermaker. Edited by 1). K. Clakic, C.E. . 2/0 

The Boiler-Maker’s Ready Reckoner, 

WiUi Examples of Practical Geometry anti Teinplatlng for the Use of 
Platers. Sniiths, and Riveters. By Jon.x CoURT.'iEV. Edited by I>. K. 

Ci.AitK-, M.I.C.E. Fourth Edition . 4/0 

The Ifisi hvo \Vork< in One half-bound.^ entiiUd “ Thk 15oii-EK* 

MAKF.vt’s Rf.ady-Rkciconer AND ASSISTANT." By J. CouRTNiCY and 

steam Boilers: 

Their Construction and Man.agcment. By R. Armstrong, C.E. Illustrated 

1/6 

Steam and Machinery Management. 

A Guide to the .‘Vrr.angemeut and Economical Management of Machinery. 

By M. Powis Bale. M.Inst. W E.2/6 

Steam and the Steam Bngine, 

Stationary and Portable. B-ing an Extension of the I'reatise on the Steam 
Engine of Mr. J. Sewell. By D. K. Clark, C.E. Fourth Edition 3/6 

The Steam Bngine, 

A I'reaiise on tire Mathematical d'lieory of, with Rules and Examples for 
Practical Men. By T. Baker, C.E.1/6 

The Steam Engine. 

By Dr. Lardnkr. Illustrated.1/6 

Locomotive Engines, 

By G. D, Demi'sey, C.E. With large Additions treating of the Modern 
Locomotive, by D. K. Clark, M.In^rt.C.E.. 3/0 

liocomotive Engine-Driving. 

A Practical Manual for Engineers in charge of Locomotive Engines. By 
Michael Reynolds. Tenth Isdiiion. 35. 6^/. limp ; cloth boards . 4>/6 

stationary Engine-Driving. 

A Practical Manual for Engineers in charge of Stationary Engines. By 
Michael Reynolds. Sixth Edition, 3,?. 6cf. limp ; cloth boards . A/S 

The Smithy and Forge. 

Including the Farrier's Art and Co.ach Smithing. By W. J. E.Cranf. 
Fourth Edition.2/6 

Modern Workshop Practice, 

As applied to Marine, Land, and Locomotive Engines, Floating Docks, 
Dredging Machines, Bridges, Ship-building, &c. By J. G. 'VVinton. 
Fourth Edition, lllu.strated. 3/€r— 

Mechanical Engineering. 

Comprising Metallurgy, Moulding, Casting, Forging, Tools, Workshop 
Machinery, Mechaitical Manipulation, Manufacture of the Steam Engine, 
&c. By F’ra.ncis Campin, C.E. Third Edition .... 2/6 , 
Details of Machinery. ' 

Comprising Instructions for the Execution of various Works in Iron in the 
Fitting-Shop, Foundry, and Boiler-Yard, By Francis Campin, C.E. 3/0 
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Blemcntary Bn|flnMrln|{: 

A Manual fw' Yuutig Marine Kngineem and Apnren(i«e<. In ihe Form of 
(^notion* and An««rcrs on AieiaU, Alloya, Sircngih of Materialv (ki:. 
liy I. S. liHKnvKR. Fourth Kdiiion.1/0 

Power in Motion: 

IIot<(e f»<)wer Motion, T«oth«d-WheeI Gearing, I.ong and Short Driving 
llaniU, An/iular Forcea, Ac. ily Jamm ARMot/a, C.K. ’I tiird Edition 2/0 

Iron and Heat, 

Kxliihiting the Prlhclple* concerned in the Construction of Iron Hearns, 
I’illiirs, (inil Girder*. Ily J. Ak.moi it, (:. hi.2/6 

Praotioal Meohailism, 

And Machine Tonla. Ily T. UtKaa, C.K. With Kcrn.nrks on Tools and 
Machinery, by J. NA.tMYTit, C.K. ....... 2/6 

Meohanioe: • • 

a conci<ie K*posiiion of iTie nenftr.il rrlnciplff** of Mecliauical Science, 
and ihelr App^llcation*, I'y (.'iiAKir.s 1'om/,insun, K.K.S. . 1/S 

Cranee (The Conetruotion of), 

And olhcr Machinery for Kaisirii; Heavy nudtes for the Erection of T'uihJ* 
ingi, M;. liyjosEi'H Glvnn, ^,H.S.I/Q 


NAVIGATION, SHIPBUILDING, /ETC. 

/ 

The Ballor'e Sea Book: 

A Rtidiiiieiitary 'I'rcatise on Navigation. By B.A. 

With nuitierous Wooilctits and Coloured I’latcs. New and enlarged 

Edition. Ily W. H-. KossKit.\ . . 2/6 

Praotioal Navij^ation. < 

Con.iiMing of The Saii.ok's SKA-DoriK, by James GiiRENwofon and W. If. 
UossCH^; lopelher with Mathematical and Nautical Tables forYbe WorHnj 


of th« Problems by Henuv I. aw, C.l'h, and Prof. 

Navlffation and Nautical Astronomy, 

in Theory ami Practice. IJy Prof. J. K, Younu, 


1 Prof. J. R. Yo\jnc 


1 Workif)^ 

... _ ___, .. _ New Edition. 2/6 

Mathematical Tables, ■[ 

For Trlgorifimctrical, Aslronomical, and N.aulical Calculations ; Jo which i.s 
prefixed a Treatise on f.oxnritliins. I»y II. Paw, C. E. Tc/gel.her with a 
> Series of Taldcs for Navi;;alion ami Nautical Astronomy. Ily PnNjfessor J. 

K. yoVNO. New Edili.m..V 4/0 

Maetlnit, Mast-Making, and Rigging of Ships. S 

Also Tables of Spars, Kigging, lllocks; Chain, Wire, and Ifemp RmW, 
&C., relative to every cla.ss of vcssfds. Py Rooeut Kipi’Ing, N.A. . 2/u 

Sails and Sail-Making. 

With Draughting, and the Centre of F.lfort of the Sails. Ily Robbrt 
K iH'lNfJ, N.A.2/6 


Marine JEngines and Steam Vessels. 

By R. Mukr.W. C.F. Kiglitli Kdiiion, thoronglily revised, with Addi¬ 
tions By the Author and by Gkohoe C.yki.isi.k, CMC. . . . 4/6 

Haval Arohlteoture: 

An Exposition of F.lcinentiuy T-rinciples. By Jamk.s Peakb . . 3/6 

ahipa for Ocean and River Service, 

Principle* of the Construction of. By IIakon A. Sommkkkbi.dt . 1/6 

Atlas of Engravings 

To Illustrate the above. Twelve large folding Plates. Royal ^to, cloth TIB 

tths Forms of Ships and Boats. 

. ' fly W. Ui.ANi). Ninth Edition, with numerou* Illustrations and 

Mmlels.1/6 
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ARCHITECTURE AND THE 

BUILDING ARTS. 

Constructional Iron and Steel Work, < 

As nppliej to I'lililic, rrivate, and Jtomeilk; Buildings. By Francis 

CAM.MU, C.K.. 3/6 

Building Bstates: 

A Treatise on tlie Fcvelopmeiil, S.alc, Purch.ir.e, and Man-igement of Build- 
ing Land. ]‘y F. Maitland. Third KdlLion.2/0 

The Science of Building; 

An Elementary Trcati.se on the Principles of Construction. By E. WvNp- 
jiAM 'i AKN, M.A. Lend. Fourth Edition . . « . , . 3/6 

The Art of Building: 

General Principles of Con.struction, Strength, and Use of Materials, Working 
Drawings, Speciheations, &c. By Edward Dobison; M.R.I.B.A. . 2/6 

A Book on Building, 

Civil and Eccleslastic.al. By Sir Edmund Beckett, Q.C. (Lord Grim- 
thorpb). Second Edition.4/6 

Bwelling-Houses (The Erection of), 

Illu.strntcd bya Perspective View, Plans, and Sections of aPairof Villa-S, with 
Specification, Quantities, and Estimates. ByS. H. Brooks, Architect 2/6 

Cottage Building, 

By C. Bruck Allen. Eleventh Edition, with Chapter on Economic Cot¬ 
tages for Allotments, by E. E. Allen, C.E.2/0 

Acoustics in Relation to Architecture and Building: 

The Laws of Sound as applied to the Arrangement of Buildings. By Pro¬ 
fessor T. Roukk Ssuth, F.R.LB. A. New Edition, Revised . -1/6 

The Rudiments of Practical Bricklaying. 

General Principles of Ericki.aying; Arch Dr.awing, Cutting, and Setting; 
Pointing; Paving, Tiling, Sic. By .A.dam Ham.viond. With 68 Woodcut.s 

1/6 

The Art of Practical Brick Cutting and Setting. 

By Ad.sm H.smmond. With go Engraving.s . . . .1/6 

Brickwork : 

.4 Practical Treatise, emlrodying the General and Higlier Principles of 
Bricklaying, Cutting and Setting ; with the .4pplic.ation of Geometry to Roof 
Tiling, &c) By F. Walker.1/6 

Bricks and Tiles, 

Rudimentary Treatise on the Manufacture of; containing an Outline of the 
Principles of Brickmaking. By E. DoiLSON, M.R.I.B.A. Additions by 
C. Tomlinson, F.R.S. illustrated.3/0 

The Practical Brick and Tile Book. 

Comprising: Brick and Tile Making, by E. Dobson, M.Inst.C.E.; 
Practical Bricklaying, by A. Hammond; Brick-cutting and Setting, 
by A. Hammond. 550 pp. with 270 Illustratious, half-bound . . 6/0 

Carpentry and joinery— 

The Elementary Princillfr of Carpentry. Chiefly composed from the 
Standard Work of Thomas Trkdgold. C.E. With Additions, and Treatise 
ON Joinery, by E. W. Tarn, M. A. Seventh Edition » , . 3/6 

Carpentry and Joinery—Atlas 

Of 33 Plates to accompany and Illustrate the foregoing book. With 
Descriptive Letterpress. 4to.6/0 
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A Practical Treatise on Handrailing; 

Showing New wd Simple Methods. By Geo. Collings. Second Edition, 
Revised, including a Treatise ON STAtRBt;ti.DiNG. With Plates . 2/6 

Circular Work ini Cai^entry and Joinery. 

A Practical Treatise on Circular Work of Single and Double Curvature. 


By G^rge Collings. Third Edition ...... 2/6 

Roof Carpentry: 

Practical Lessons in the Framing of Wood Roofs. For the Use of Working 
Carpenters, Geo. Collings ..2/0 


The ConsCruotion of Roofs of Wood and Iron; 

Deduced chiefly fro^ the Works of Robison, iVedgold, and Humber. ^ 
>E. Wyndham Tarn, M:A., Architect. Third pdition . . .1/6 

The joints Made and Used by Builders. 

i.By WvviLL J. Christy, Architect. With t6o Woodcuts . . 3/0 


•And its Application: A Handbook for the Use of Students. By George 
H. Blagrove. With 31 Illustrations . . . . - .1,^6 

The Timber Importer’s, Timber Merchant’s, and 
Builder’s Standard Guide. \ 

By R. E. Grandy .\ ■ • “ • 2/0 

Plumbing: 

A Text-Book to the Practice of the Art or Craft of the Plumber. With 
Chapters upon House Drainage and Ventilation. By Wv. Paton Buchan. 
Eighth Edition, Re-written and Enlarged, with 500 lllukrations . 3/6 

Ventilation: 

A Text Book to the Practice of the Art of Ventilating Buildings. By W. P. 
Buchan, R.P,, Author of “ Plumbing,” &c. With 170 Illustrations 3/6 

The Practical Plasterer: 

A Compendium of Plain and Ornamental Plaster Work. By W Kemp 2/0 

House Painting, Graining, Marbling, & Sign Writing. 

With a Coarse of Elementary Drawing, and a Collection of Useful Receipts. 
By Ellis A. Davidson. Seventh Edition. Coloured Plates . . 5/0 

*,* TAe above, in cloth boards, strongly bound, 6/0 

Grammar of Colouring, 

Applied to Decorative Painting and the Arts. By George Field. New 
Edition, enlarged, by Ellis A. Davidson. With Coloured Plates . 3/0 


Elementary Decoration 

As applied to Dwelling Houses, &c. By James W. Facey. Illustrated 2/0 

Praotifm.1 House Decoration. 

A Guide to the Art of Ornamental Painting, the Arrangement of Colours in 
Apartments, and the Principles of Decorative Design. By J ames W. Facey. 

2/6 

•,* T/u last two Works in One handsome Vol., half-hound, entitled “ HOUSE 
Decoration, Elementary and Practical,"/ r/ce 5/0 

Portland Cement for Users. 

By Henry Faija, A.M.Inst.C.E. 1 bird Edition, Corrected . . 2/0 

Isimes, Cements, Mortars, Concretes, Mastics, Plas¬ 
tering, &o. 

By G. R. Burneli, C.E. Fifteenth Edition 


1/6 
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Masonry and Stone-Cutting. 

I’he Principles of Masonic Projection and their application to Constructloit* 

By Edward Dobson, M.R.I.B.A.' . 2/S 

Arches, Piers, Buttresses, &c.: 

Experimental Essays on the Principles of Construction. By W. Blai^ 

Quantities and Measurements, 

In Bricklayers', Masons’, Plasterers', Plumbers*, Painters', Paperhange«’, 
Gilders', Smiths’, Carpenters’ and loiners’Work By A. C. Beaton 1 IQ 

The Complete Measurer: 

Setting forth the Measurement of Boards, Glass, Timber and Stone By R 

IIOKTON. Sixth Edition .. 4/0 

*** The abtnie, strongly bound in leather, ph'ce 5/0- 

Light: 

An Introduction to the Science of Optics. Designed for the Use of Students -v 
of Architecture, Engineering, and other Applied Sciences. By E. Wvnd- 
HAM Tarn, M. A., Author of “ The Science of Building," &C. . .1/6 

Hints to Young ^Arohitects. 

By George Wigi^twick, Architect, Sixth Edition, revised and enlatged 
by G. Huskisson/Guillaume, Architect ... . 3/6 

Architecture—Orders: 

The Orders ai)d their jEsthetic Principles. By W. H. Leeds. Illustrated. 

• / ' . 1/6 
Architecture—Styles: 

ITie History and Description of the Styles of Architecture of Various 
Countries,’ from the Earliest to the Present Period, By T. Talbot Bi'RV, 

F.R.I.B.A. niustrated ..2/0 

*,* Ot^pERS AND Styles of Architecture, in One Vol., 3/6- 

Architecture—Design: 

The Principles of Design in Architecture, as deducible from Nature and 
exempHhed in the Works of the Greek and Gothic Architects. By Edw. 

Lacy Garbett, Architect. Illustrated.2/6 

*„* The three preceding IVorks in One hnndsome Vol., half boutui, entitled 
‘VModern Architecture,’’/E rVe 6/0' 

Perspective for Beginners. 

Adapted to Young Students and Amateurs in Architecture, Painting, &c. 

By George Pvne.2/0 

Architectural Modelling in Paper. 

By T. A. Richardson. With Illustrations, engraved by O'. Jewitt 1/6 

Glass Staining, and the Art of Painting on Glass. 

From the German of Dr. Gessert and Emanuel Otto From berg. With 
an Appendix on The Art of Enamelling .2/6 

Yitruvius—The Architecture of. 

In Ten Books. Translated from the Lmtin by loSEl’ii Gwilt, F.S.A., 

F.R.A.S. With 23 Plates.. . S/Q 

N.B. — This is the only Edition ^i'^Vitruvius procurable al a moderate price 

Grecian Architecture, 

An Inquiry into the Principles of Beauty in. W^th an Historical View of the 
Rise and Progress of the Art in Greece, By the .Earl, of Aberdeen 1 /Q 
*,* The two preceding IVorks in One handsome Vol., ftalf bound, entitled 

"Ancient Architecture,"/ rree 6/0- 
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INDUSTRIAL AND USEFUL ARTS. 

Cements, Pastes, Glues, and Gums. 

A Practical Guide to the Mn-nufacture and ApplicalJon of tlie various 
Agglutinants required for Worksliop, Laboratory, or Ofiire Use. With 
upwards ^ifooo Recipes and Formulae. By H. C. Standage . . Z'Q 

Clocks and Watches, and Bells, 

A Rudimentary Treatise on. By Sir Edmund Beckett, Q,C. (Lord 
GKiMTHonrE). Seventh Edition.4-/6 

The Goldsmith’s Handbook. 

Containing full In.structions in the Art of Alloyirg, hfelting, Keducing, 
Colouring, Collecting and Refining, Recovery of Waste. Solders. Enaniel? 


&c., &.C. By George E. Gee. fiftii Edition . 

The Silversmith's Handbook, 

On the same plan a.s the GoLorsMiTn s IlAtrDBnr 
Third Edition . 

The Hall-Marking of Jewellery. 


3/0 

r> Cl rr E Cz^ 

■ ■ ■ ■ 3/0 

^ 7 0 


French Polishing and Enamelling. 


Practical Organ Building. 

By W. E. IJtCKSON, M.A. secouci Edition. Revised, v.-itn . 4 c;Li;i.v 

Ccach-Building: 

A Practical Treatise P\ T n <; PLiGr' V lO 

The Brass Founder’s Manual: 

Instructions for alodellinir. Pattern hlaKing. Moulding, TurinnT. 

W. Grah.am. 

The Sheet-Metal Worker's Guide. 

A Practical Handbook for Tinsmiths, C.onpersmuns. Zinc%vor;:cvs. 
46 Diagrams. 1 , ^\ J E Cl v L i hir 1 L t i le i 

Sewing Machinery: 

Us Construction. Hmtory. SiC- iin t'uu Icchiucal Directions fc 
ing, ^<0. By J. W. Urou’iart, C.L. 

Gas Fitting: 

A Practical Hai-i' oJ Pj IcilP v i \ i t 

Construction of Door Locks. 

From the Papersof C. IloriDS. Icoited bv C. 1 F..v 

The Model Locomotive Engineer, Fireman, 
Engine-Boy. 

O. mprUingan 111 t r i R t e nf tl e P le r f . e ^ 

their Inventors. i>v .Micn.Mtt. IvLa . 

The Art of Letter Paintin.g made Easy. 

P, yJ. G. ch as t I fil i v t,L n 

The Art of Boot and Shoemakmg. 

Including Mea^urtmeut. I.asi-fif ting, f 3:u’ m - 

John BKDroKDl i- > \\ i h 11 r? 1 ! i u J i 

Mechanical Dentistry : 

A Practical Tieali t n IK ( trii t r nf t K 

Dentiirc.'i. By Lit ahi.e.v Hf.vri.x. l oiiiin i.aiticii 

Wood Engraving: 

A Pr.-ictical and Ic.-vsy Intr V.utUoa In tiie Art. By \V. I,. Bk i,-. .-. 

Laundry Management. 

A Handlxjoli fur B-e ir, Pritotc .anrl Pulmc Baniitli les. l.y tm 1 . 
“The Laundry Joiirna. 


r 2 6 

2 h 
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AGRICULTURE, GARDENING, ETC. 


Draining and Embanking: 

A Practical Trealise. }!y Prof. John Scott. With 68 Illustrations 1/6 

Irrigation and Water Supply; ‘ 

A Practic.al 'I’leaIi.se on Water Meadows, Sew,Tge Irrigation, Warping, &c.; 
on the ConsLruciion of Wells, Ponds, Reservoirs, &c. By Prof. John 
Scott. With 34 Illustrations. 1/6 

Farm Roads, Fences, and Gates: 

A Practical Treatise on the Roads, Tramways, and Waterways of the 
Farm ; the Principles of Knclosurcs; and the different kinds of Fences, 
Gates, .and .Stiles. By Prof. John Scott. V/ith 75 Illustrations . 1/6 

Farm Buildings: 

A Practical Treatise on the Buildings necessary for various kinds of Farms, 
their Arrangemenfand Construction, with Plans and Blstimates. By Prof. 
John Scott. With 105 Illu5tr.ation.s. 2/0 

Barn Implements and Machines; 

Treating of the .Application of Power and Machines used in the Threshing- 
barn, Stockyard, Dairy, &c. By Prof. J. Scott. With 123 Illustrations. 

2/0 

Field Implements and Machines: 

With Principles and Details of Construction and Points of Excellence, their 
Managernent, &c- By Prof. John Scott. With 138 Illustrations 2/0 

Agricultural Surveying: 

A Treatise on Land Surveying, Levelling, and Setting-out ; with Directions 
for Valuing Estates. By Prof. J. Scott. With 62 Illustrations . 1/6 

Farm Engineering. 

By Ihofe-ssor John Scott. Comprising the .above Seven Volumes in One, 
pages, and over Coo lHustratioMS. Half-bound . . . 12/0 

Outlines of Farm Management. 

Treating of the General Work of the Farm; Stock; Contract Work: 
Labour, fee. By R. Scott Born . 2/6 

Outlines of Landed Estates Management. 

Treating of the ^T.rieties of L.ands, Method.s of Farming, Setting-out of 
F.arm.s, Roads, Fences, Gates, Drain.age, fee. By R. Scott Burn . 2/6 

The above Two Voh. in One, handsemeiy half-bonml, /‘rice 6/0 


Soils, Manures, and Crops. 

(Vol. I. OuTi.iNEs OK Modern Farming.) By R. Scott Burn . 2/0 

Farming and Farming Economy. 

(Vol. 11 . Outt.ine.s of Modek.n ILvigming.) By R. Scott Burn 3/0 

Stock: Cattle, Sheep, and Horses. 

(Vol. in. Outlines ok Modern Farming.) By R. Scott Burn 2/6 

Dairy, Pigs, and Poultry. 


(Vol. IV. 


Farming.) By R. Scott Burn 2/0 


Utilization of Sewage, Irrigation, and Beolamatioir- 
of Waste Land. 

(Vol. V. Outlines ok Mopek.n Farming.) By R. Scott Burn . 2/6 

Outlines of Modern Farming. , 

By R. Scott Bur.n. Consisting of the above Five Volumes in One, 

. on. nrofnselv Illustrated, haif-bound. 12/0 




WE ale’s SClEIPnElC AKD TECHNICAL SERIES. 11 


Book-keeping for FarmerB and Bstate Owners. 

A Practical Trsatise, presenting, in Three Plans, a System adapted for all 
classes of Farms. By J. M. Woodhak. Third Edition, revised . 2/6 

Ready Relikoner for the Admeasurement of I<and. 

By A. Abman. Fonrth Edition, revised and extended by C. Norris 2/0 

Hiller’s, Com Merchant’s, and Farmer’s Ready 
Reckoner. 

Second Edition, revised, with a Price List of Modern Flour Mill Machinery, 
by W. S. Huttok,£.E.2/0 

The Hay and Straw Measurer. 

New Tables for the Use of Auctioneers, Valuersj Farmers, Hay and Straw 
Dealers, &c. By John STCELiE . ....... 2/0 

Meat Production. 

A Afanual for Prodacers, Dislributors, and Consumers of Butchers' Meat. 
By John Ewart , .. . , 2/6 

Sheep: / 

The History, Structure, Economy, and Diseases of. By W.-U. SpOONEr, 
M.R.V.S. Fifth Edition, with fine Engravings. . ... 3/6 

Market and Kitchen Gardening. 

By C. W. Shaw, late Editor of “ Gardening Illustrated " . . . 3/0 

Kitchen Gardening Made Easy. 

Showing the best means of Cultivating every known Vegetable and Herb, 
Ac., with directions for management all the year round. By George M. F. 
Glenny. Illustrated.1/6 

Cottage Gardening: 

Or Flowers, Fruits, and Vegetables for Small Gardens. By E. Hobday. 

Garden Receipts. 

Edited by Charles W. Quin.1/6 

Fmit Trees, 

The Scientific and Profitable Culture of. From the French of M. Du 
Bseuil. Fifth Edition, carefully Revised by George Glenny. With 
187 Woodcuts.3/6 

The Tree Planter and Plant Propagator: 

with traraerous Illustrations of Gtafting, Layering, Budding, Implements, 
Houses, Pits, See. By Samuel Wood .2/0 

The Tree Pmner: 

A Practical Manual on the Pruning of Fmit Trees. Shrabs, Oimbers, and 
Flowering Plants. With numerous Illustrations. By Samuel Wood 1 /6 
abm>t Twe Volt, in One, handtomely hal/-btrund, price 3/6 

The Art of Grafting and Budding. 

1^ CfiABUEB Baltbt. With Illustrations . 


2/6 
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MA THEM A TICS, A R1THMETIC, ETC. 

Descriptive Geometry, 

An Elementary Treatise on ; with a Theory of Shadows and of Perspective, 
extracted from the French of G. Monge. To which is addad a Description 
of the Principles and Practice of Isometrical Projection. By J. F. Heather, 
M.A. With 14 Plates.. 2/0 

Practical Plane Geometry: 

Giving the Simplest Modes of Constructing Figures contained in one Plane 
and Geometrical Construction of the Ground. By J. F. Heather, M.A. 
With 213 Woodcuts . • -2/0 

Analytical Geometry and Conic Sections, ' 

A Rudimentary Treatise on. By James PTann. A New Edition, re¬ 
written and enlarged by Professor J. R. Young .... 2/0 

Euclid (The Elements of). 

With many Additional Propositions and Explanatory Notes; to which is 
prefixed an Introductory Essay on Logic. By Henry Law, C.E. . 2/6 
Sold also Sefarntel", vh: - 

Euclid. The First Three Books. By Henry Law, C.E. . , .1/6 

Euclid. Books 4, 4 6, It. 12. By He.nky Law, C.E. . .1/6 

Pla”*» Trigonometry, 

The ElementsiSf. By James Hann. . . . ' 1/6 

Spherical Trigonometry, 

The Elements of. By James Hank. Revised by Charles H. Dow¬ 
ling, C.IJ. . ..• 1/0 

Or with “ Tlic Elements 0 /Plam Trigonometry," in One Volutnt, 2/6 

Differential Calculus, 

Elements of the. By W. S. B. WooLHOusE, F.R.A.S., &c. . .1/3 

Integral Calculus. ' 

By Homersham Cox, B.A.1/3 

Algebra; 

The Elements of. By James Haddon, M.A. Wi’h Appendix, contah in, 
Miscellaneous Investigations, and a Collection of Problems • * 2/0 

A Key and Companion to the Above. 

An extensive Repository of Solved Examples and Problems in Algebra. 
By J. R. Young t.1/6 

Commercial Book-keeping. 

With Commercial Phrases and Forms in English, French, Italian, and 
German. By James HADDON, M.A. . . . . . . .1/6 

Arithmetic, 

A Rudimentary Treatise on. With full Explanations of its Theoretical 
Principles, and numerous Examples for Practice. For the Use of Schools 
and for Self-Instruction. By J. R. Young, late Professor of Mathematics 
in Belfast College. Thirteenth Edition.1/6 

A Ke-y to the Above. 

By J. R. Young . . . -.1/6 

Equational Arithmetic, 

Applied to Questions of Interest, Annuities, Li'e Assurance, and General 
Commerce; with various Tables by which all Calculations' may be greatly 
facilitated. By W. Hipslev.1/6 

Arithmetic, 

Rudimentary, for the Use of Schools and Self-Instruction. By Jame; 
H ADDON, M.A. Revised by AbiahAM Asmak . . . -1/6 

A Key to the Above. 

By A. Arm vk . . . . , . . . .1/6 
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Mathematical Instruments: 

Their Coastruction, Adjustment. Testincr. and Use concl.sciv UNnlnined. 
By J. F. Heather, M.A., of the Royai Military Academy. Wuolwich- 
Fourteemh Edition, Revised, wnh Additions, by A. 1. Walmjsi.fv 
M. l.OE. OiTRinal Edition, in X vo!., Iliusiiaied .... 2 ^0 
In ordeting; the ahcn'e, he careful to say '■'Original lEdiiiat:. o>' f/:r 
nnmlmr in the Ser/cs (ts), to distinguish it Jioin tne iLniare-cd Laition in 
3 vois. (as folhivs )— 

Drawmg and Measuring Instruments. 

ing, and in the Construction. Copying, and iVie.'LSuremcnt of ar-Ei 

Plan.s. II. Instruijients used for the purpost!S of Accurate .Mea:Uiri'n-.ert. 
and for Arithmeticai Computations. ByJ. h. ilEATSiKH. 31.A. . 1/f> 

Optical Instruments. 

Includmg (more e.^pccially) leles^ 
producing copies of 31ap.s and Pian 
M.A. Illustrated.. . 

Surveying and Astronomical Instruments. 

Including—1. Inslrument.s used for Ueternumne llie (.erun.'! 
of a portion of Cround. H. Instruments entpujvo.l in .rtsir 
gervations. By J. F. Heather. 3I.A. Illuslraied. 

'‘'■Mathematical Insirnmaiis: price 2 -' 0 - f~'cscy:‘:e-i a: 

Mathematical Instruments: 

Their Construction, Adjiistmerit, le.sting and Lse, t_.:in':nrL- 

IVleasiiring, Optical. Surveyni” ■ ... 

Heather, M.A ' ' 

The Three Part; 

The Slide Rule, and How to Use It. 

Containing full, easy, and stmide Tustruciinus lo dc; 


)cs. Miei > 
\ 1 h 




C.E. 


a Slide Rule, i: 


Logarithms. 

With ^^alhcInatical Tables for Ins 
Calculations. Ly Hu.nkv La\\ , C 


3 0 


Compound Interest and Annuities (Theory of). 

Wiih Tables of I osu.rills i r the n ore 1) !fr,'t L 1 i r- 

Discount, Annuitie.s, ^;c.. in ad their Application.'- -nau I -c.- ur.- n.Icrc.nnine 
and State Purposes, by tEOOR 1 human. I’an.r. } .;.aT;i a.ctI; ii . 4--0 

Mathematical Tables, 

For'i'ngonomeincaiv A-Troiionncu!, aivl Niuiticai L;(.aMauj'";s ; f • y-;-.!--; ly 
prefixed a 'rreaii>e on Li^naniliniy. 


V EdilioJ 




4.0 


Mathematics, 

As applied to the Constructive Art 
Third Edition .... 


Astronomy. 

By the late Kev. KoiinuT M.\iv, T.R.S, Thir l K ihirii, rsAis. r! .-nui , 
reeled to the Present Time. By W. T. LY.s't:, T. K. A.S, , , .2.0 

Statics and Dynamics. f p ■ , 

Hydrostatics, Hydvodvnanvics, tint! Ceniru! Fortes. By 1, B rKEK, i.: I-. 
Fourth Edition ... .16 
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BOOKS OF REFERENCE AND 

MISCELLANEOUS VOLUMES. 


A Dictionary of Painters, and Handbook for Picture 
Amateurs. 

Uc'ui!^ a Guide for VisUor.s to Public and Private Picture Galleries, and for 
Art-Students, including Glossary of 'J'ernts, Sketch of Principal Schools of 
Painting, &c. Py Pkilii-I'E Dakyl, B.A..2/6 


Painting Popularly Explained. 

By 'r, J. Gui.i.ick, Painter, and John Timbs, F.S.A. Including Fresco, 
Oil, Mo.saic, \Vat<^r Cokmr, Watei-Cdass, Tempera Encaustic, Miniature, 
Fainting on Ivory, Vellum, Pottery, Enamel, Glass, &c. Six.ih Edition Q/O 

A Dictionary of Terms used in Architecture, Build¬ 
ing, Engineering, Mining, Metallurgy, Archae¬ 
ology, the Fine Arts, &c. 

By John Weale. Sixth Edition. Edited by R. Hunt, F. R.S. . 5/0 
Music: 

A Rudimentary and Practical Treatise. With numerous Examples. By 
Chakles Chiud Spencer ......... 2/6 

Pianoforte, 

The Art of Playing the. With numerous Exercises and Lessons. By 
Charles Child Spencer . . . .. 1/6 


The House Manager. 

A Guide to Housekeeping, Cookery, Pickling and Preserving, Household 
Work, Dairy Management, Cell.arage of Wines, IL. nie-brewing and Wine¬ 
making, Gardening, &c. By An Oi.d Housekeepeu . . 3/6 

Manual of Domestic Medicine. 

By R. Gooding, M. D. Intended .as a F.amily Guide in all cases of 
Accident and Emergency. Third Edition, caretuliy revised . . 2/0 

Management of Health. 

A Manual of Home and Personal Hygiene. By Rev. James Baird 1/0 

Natural Philosophy, 

For the Use of Beginners. By Charles Tomlinson, F.R.S. . -1/6 

The Elementary Principals of Electric Lighting. 

By Alan A. Campbell Sivikton, M.Inst.C.E., hf.l.E.E. Fourth 
Edition, Revised. Piiilislied 1 /6 

The Electric Telegraph, 

Its History .and Progress. By R. Sabine, C.E., F.S.A., &c. . . 3/0 

Handbook of Field Fortification. 

By Major W. W. Knoi.lys, F.K.G.S. With 163 Woodcuts . . 3;0 

Logic, 

Pure and Applied. By S. H. Emmen.s. Third Edition . . .1/6 

Locke on the Human Understanding, 

Selections from. With Notes by S. H. Emme.ns . , , .1/6 

The Compendious Calculator 

{IfUituive Caicui'atwns). Or Ea.sy and Concise Methods of Performing the 
various Arithmetical Operation.s required in Commercial and Business 
Tr.an.sactions ; together with Useful Tables, &c. By Daniel O'Gorman. 
Twenty-seventh Edition, carefully revised by C. Norris . , . 2/6 





WEALE’S SCIENTIFIC AND TECHNICAL SERIES. 15 


Measures, Weights, and Moneys of all Nations. 

With an Analysis of the Christian, Hebrew, and Mahometan Calendars. 
By W. S. B. WooLHOusE, F.R.A.S., F.S.S. Seventh Edition . 2/6 

Grammar of the English Tongue, 

Spokeneand Written. With an Introduction to the Study of Comparative 
Philology. By Hydb Clarke, D.C.L. Fifth Edition. . . .'1/6 

Dictionary of the English language. 

As Spoken and Written. Containing above ioo,ooo Words. By Hyde 

Clarke, D.C.L. . ..3/6 

Complete with the Grammar, 5/6 

Composition and Punctuation, 

Familiarly Explainad for those who have neglected the Study of Grammar. 
By Justin Brenan. i8th Edition.J/S 

French Grammar. 

With Complete and Concise Rules on the Genders of French Nouns. By 
G. L. Strauss, Ph.D. . ..1/6 

English-French Dictionary. \ 

Comprising a large number of Terms used in Engineering, Mining, &c. 
By Alfred Elwes.. . . . 2/0 

French Dictionary. 

In two Parts—I. French-English. II. English-French, complete in 
One Vol. . ■ . . . . . . . . 3/0 

*»* Or with the GramkMr, 4-/6- 

French and Fnglish Phrase Book. 

’■ Containing Intioductory Lessons, with Translations, Vocabularies of Words, 
Collection of Phrases, and Easy Familiar Dialogues . . . -1/6 

German Grammar. 

Adapted for English Sti'deiits, from 
Grammar, by Dr. G. L. Strauss 

German Triglot Dictionary. 

By N. E. S. A. Hamilton. Part I 
English-German-French. Part HI. F 

German Triglot Dictionary. ^ 

, (As above). Together with German Grammar, in One Volume . 5/0 

Italian Grammar. 

, Arranged in Twenty Lessons, with Exercises. By Alfred Elwes. 1/6 

Italian Triglot Dictionary, 

Wherein the Genders of all the Italian and French Nouns are carefully 
noted down. By Alfred Elwes. VoI. I. Italian-English-French. 2/6 

Italian Triglot Dictionary. 

By Alfred Elv.ES. Vol. 11. English-French-Italian . . . 2/6 

Italian Triglot Dictionary. 

By Alfred Elwes. Vol. HI. French-Italian-English . . .26 

Italian Triglot Dictionary. 

(As above). In One Vol. jjQ 

Spanish Grammar. 

In a Simple and Practical Form. With Exercises. By Ai.fked Elwes 1/6 

Spanish-English and English-Spanish Dictionary. 

Including a large number of Technical Terms used in Mining, Engineering, 
\ &C., with the proper Accents and the Gender of every Noun. By Alfrp.d 

. Blwxs. 4,10 

OrwiUiheGKAMMtLft, eiO- 


s Theoretical and Practical 


Han-French-English. 
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Portuguese Grammar, 

In a Simple and Praciical Form. With Exercises. By Alfred Elwes 1/0 

Portuguese-English and English-Portuguese Dic¬ 
tionary. 

Including a large number of Technical Terms used in Mining, Engineering, 
Sic., with the proper Accents and the Gender of every Noun. By Alfred 

Elwes. Third Edition, revised. . 6/0 

■*'*1.*^ Or ivith the Grammar, T/0« 

Animal Physics, 

Handbook of. By Dionysius I.audnf.r, D.C.L. With 520 Illustrations. 

In One Vol, (732 pages), cloth bttards. T/6 

Sold also lit Two Tarts, as yollozvs :— 

Animai. Physics. By Dr. Laruner, Part I., Chapters I.—\TI. 4./0 
Animal I'liY-Sics. By Dr. Laedner. Part II., Chapters VHI.—XVIII. 

3/0 
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mechanical engineering . 1 

CIVIL ENGINEERING .... 10 

MARINE ENGINEERING. &c. . 17 

MINING & METALLURGY ... 19 

ELECTRICITY . . . . 23 

ARCHITECTURE A BUILDING . 25 
SANITATION* WATER SUPPLY 27 
QARPENTRY * TIMBER ... 28 


PAOE 

DECORATIVE ARTS.80 

NATURAL SCIENCE.82 

CHEMICAL MANUFACTURES . 84 

INDUSTRIAL ARTS.88 

COMMERCE. TABLES. &c. . . 41 

AGRICULTURE * GARDENING. 48 
AUCTIONEERING. VALUING. Ac. 46 
LAW A MISCELLANEOUS. . . 47 


MECHANICAL ENGINEERING, &c. 


THE MECHANICAL ENGINEER’S POCKET-BOOK. 

Comprising Tables, Formulae, Rules, and Data : A Handy Book of Reference 
for Daily Use in Engineering Practice. By D. Kinnear Clark, M. Inst. C.E., 
Fourth Edition. Small 8vo, 700 pp., bound in flexible Leather Cover, rounded 
comers.. 6/0 


SPECIFIC Gravity, Weight, and Volume.—Manufactured Metals.—Steel pipes 

— Bolts and nuts. —sundry articles in wrought and cast Iron, Copper. 
Brass, Lead, Tin, Zinc.—strength of Timber.—Strength of Cast iron.— 
STRBISGTH OF WROUGHT IRON.—STRENGTH OF STEEL.—TENSILE STRENGTH OF 
Copper, Lead, &c.—resistance of Stones and other building Materials.— 
Riveted Joints in Boiler Plates.—Boiler Shells.—Wire Ropes and Hemp 
Ropes.—Chains and chain cables.—framing.—hardness of Metals, Alloys, and 
STONES.—Labour of animals.—mechanical Principles.—Gravity and Fall op 
bodies.— Accelerating and Retarding Forces.—Mill Gearing, Shafting, Ac.— 

— .. ... .. ,T.—Combustion; fuels.—Warming, venti- 

•D.u BOILERS.—Railways.— 


3 PUMPS.—Coal G 


Tramways,— steam ships.—pumping steam En„.. . 

Engines, Ac.—air in motion.—compressed air.—hot air engines.—water 
POWSR.— Speed of Cutting Tools.—Colours.—Electrical Engineering. 
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CROSBY LOCKWOOD <S- SON'S CATALOGUE. 

MR. HUTTON’S PRACTICAL HANDBOOKS. 


THE WORKS’ MANAGER’S HANDBOOK. 

Comprisinj? Modern Rules, Taljlcs, and Daia. For MillwrigbU, 

and Boiler Makers ; Tool Makers, Maeliinists, and Metal Workers; Iron and 
l.'lrass Foun.lers, By W. S. Hutton, Civil and MechaniertI Engineer, 

Auitior of “'riie Practical Kneineer's Handljook.” Fifth Edition, carefully 
Revised, with Additions, In One handsome Volume, medium 8vo, strongly 


16/C 


.. .rr 71te Author Jtaviitf^ c 
lilciiie/to publish niem—revted f 


mpiled Rules and Data for his own ust in a great 
i. and havintr found hts notes extremely useful, 
nate—vcnevtng thaixa practical work, suited to 
'.rn iLtsCANEu.Rs. laoula be favouraoly received. ' 

? nni^rpciruivo remarks we made ui*on the first and third. 




THE PRACTICAL ENGINEER’S HANDBOOK. 

Comprising a Treatise on Modern Engines and Boilers, Marine, Locomotive, 
and Stationary. And containing a large collection of Rules and Practical 
Data relating to Recent Practice in Designing and Constructing all kinds of 
Engines, Boilers, and other Engineering work. The whole constituting a com¬ 
prehensive Key to the Board of Trade and other Examinations for Certificates 
of Competenc^Mn Modern Mechanical Engineering. By Walter vS. Hutton, 
Civil and Mechanical Engineer, Author of “ The Works’ Manager s Handbook 
for Engineers,” &c. With upwards of 370 Illustrations. Fifth Edition, 
Revised with Additions. Medium 8vo, nearh’- 500 pp., strongly bound. 

[Just Published. 18/0 
This Work is designed as a companion to the Author's “Works’ 
Managek’.s Handbook.” It possesses many new and original features, and con' 
tains, like its predecessor, a Quantity of matter not originally intenaed fdr publication, 
but collected by the Author for his own use in the construction of a great variety of 
Modern Engineering Work. 

The information is given in a condensed and concise form, and is illustrated by 
upivards of 370 Woodcuts; and comprises a quantity of tabulated matter of great 
value to all engaged in designing, constructing, or estimating for Engines, Boilers, 
and OTHER Engineering Work. 

“ We have kept it at hand for several weeks, referring to it as occasion arose, and we have not 


" A thoroiJ|^h!^good^practical handbook, ^hi^h no engineer can go through without learning 
“An excellent bo<ik of reference for engineers, and a valuable text-book for students of 
mginee^ng. manual embodies the results and experience of the leading authorities 

“ The author has collected together a surprising quantity of rtiles and practical data, and has 
shown much jiidg-nient in the selecrions lie has mad^ . . . ^ There is no doubt that this book is 




5 s of information set down in simple language, ai 


by the iilustrations. The book will find its wav on to most engineers' shelves, where U will rank as 

one of most useful fcyQksopeference."—/VacftC(2/i:‘n^ri*«^ ^ ' e " 







This work ts issued tn eonttnuatum of the Senes of Handbooks written 
by the A uthor, viz .:—“ The Works’ Manager's Handbook ” and “The Practical 
Engineer's Handbook," lo/iic/i are so highly appreciated by engineers for the 
practical nature of their information; and is consequently written in the same style 
as those works. 

The Author believes that the concentration, in a convenient form for easy 
reference, of such a large amount of thoroughly practical information on Steam- 
Boilers, will be of consicferable service to those for whom it is intended, and he trusts 
the book may be deemed worthy of as favourable a reception as has been accorded to 
its predecessors. 



ENaiNEER’S AND MILLWRIQH’TS ASSISTANT. 

A Collection of Useful Tables, Rules, and Data. By William Tembleton. 

Seventh Edition, with Additions. i8mo, cloth.2/6 

** Occupies a foremost place amon^ books of this kind. A more suitable present to an 
apprentice to any of the mechanical trades could not possibly be made.”— Nrzvs. 

A deservedly popular work. It^should be in the ‘drawer' of every mechanic.”— 













CROSBY LOCKWOOD SON'S CATALOGUE. 


THE MECHANICAL ENGINEER’S REFERENCE BOOK. 

Fvjr M;ii liHH- iuiil lioilcr ConslruciiiiiT. In Two Parts. Part 1. General 
P.Nf.iM i- KiNi; ItATA. J’att 11. Koii.kk C.oNsim7r."i ion. With SI Plates and 
ininnTons Illustratirms. liy Nelson Ioi.kv, heccind Edition, 

Ri-vised tlirmi"liout and much pjiilargcd. Polio, half-Sound, net . £3 3 >. 


COAL AND SPEED TABLES. 


TEXT-BOOK ON THE 5TEAM ENGINE. 

With a Supplement on Gas EnC/INES, and Part II. on Heat Engines. By 
I T. M, Goodeve, M.a. , Barrister-at-Law, Professor of Mechanics at the R^al 
College of Science, London ; Author of “ The Principles of Mechanics,” “ The 
Elements of Mechanism,” &c. Fourteenth Edition. Crown 8vo, cloth . 6/0 

with anything- written by Huxley or Maxwell, and we can aw’ard it no higfber praise.”— 

“ Mr. Goodeve's text-hook is a work of which every young engineer should possess himself.’ 
^Mining yournal. 

ON GAS ENGINES. 

With Appendix describing a Recent Engine with Tube Igniter. By T. M. 

Goodeve, M.A. Crown 8vo, cloth. 2/6 

“ Tike all Mr. Goodeve’s writings, the present is no exception in point of general excellence. 
It is a valuable little \o\\\mG."’—Mec/ianical World, 

A TREATISE ON STEAM BOILERS. 

' Their Strength, Construction, and Economical Working. By R. Wilson, C.E. 


THE MECHANICAL ENGINEER’S COMPANION — 

of Areas, Circumferences, Decimal Equivalents, in inches and feet, millimetre.s, 
squares, cubes, roots, &c.; Weights, Measure.^, and other Data. Also Prac¬ 
tical Rules for Modern Engine Proportions. By R. Edwards. M.lnst.C.E. 
Fcap. 8vo, doth. U«siP«Nis/ud. ZIB 







TEA MACHINERY AND TEA FACTORIES. 

A L>esCTip»ive Treatise on the Mechanical Appliances i 


ENOINEERINQ ESTIMATES, COSTS, AND ACCOUNTS. 

A Guide to Commercial Engineering. With numerous examples of Estimates 
aad Costs of Millwright Work, Miscellaneous Production^ Steam Engines and 
Steam Boilers; and a Section on the Preparation of Costs Accounts. ^ 
A Genekai. Mahacer. Second Edition. 8vo, cloth. [Just Publiihed . 12/0 

"TbisisaaesccOent aad trery useful book, covering subject-matter in constant requisition in 
s my CKUay aad workshop. . . . The book is invaluable, not only to the young engineer, but 
■Isa Ca Cha sndaMtc dapartaieot of every works."— Huilder. 

“ Waaceacd the work unqualified praise. The information is given in a plain, straightforward 
■Haaar, sad bsass thsanghout evidence of the intimate practical acquaintance o the author with 
•sasy piMm vt v a m mi KS d atytnawinE. "—UdtkanUal t^erU. 
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AERIAL OR WIRE-ROPE TRAMWAYS. 

TheirConstructionand Management. By A. J.Wallis-Tavlek, A.M.Inst.C.E. 
With 8i Illustrations. Crown 8vo, cloth. \Just Publithed. 7/0 

"This is ill ils way an cxc<?llcnt vohnnc. Without goingintotlieininutiaeofthesubJect.it 
yet la^s before its readers a very good ex^josition uf the various syslems of rope tr.'tnsniisKloiiIn use, 

We am safely reconmicnd it as a useful gfmeral treatise on the subjectS— 

" Mr. Tayler has treat<;d ttie subject as concisely .as thoroughness would pi^iit. The book 
will rank with the best on this useful lojiic, and we recommend it to those whose businen is the 
transporting of minerals and goods.”— yournal. 

MOTOR CARS OR POWER-CARRIAGES FOR COMMON 

R0AD5. 

By A. J. Wai-lis-Tayler, Assoc. Memh. Inst. C.E., Author of “Modern 
Cycles,” &c. 212 pp., with 76 Illustrations. Crown 8vo, cloth . . A/0 

" Mr. Wallis-Taylcr's book is a welcome ad<lition to the liter.Yure of the subject, as it Is the 
production of an I'.ngincer, and has not been written with a view to assist in the promotion of 
companies. . . . The book is clearly expressed tlirougliout, and is just the sort of work that 

an engineer, thinking of turning his attention to motor-carriage work, would do well to read as a 
preliminary to starting operations.’'— 

PLATING AND BOILER MAKING. 

A Practical Handbook for Workshop Operations. By Jo.seph G. Hornkr, 
A.M.I.M.E. 380 pp. with 338 Illustrations. Crown 8vo, cloth . . 7/0 

“ The latest production from the pen of this writer is characterised by that evidence of close 
acquaintance with workshop methods which will render tlie book exceedingly acceptable to the 
practical hand. We have no hesitation in conimemling the work as a serviceable and practical 
handbook on a subject which has not hitherto received much attention from those quatihed to deal 
with it in a satisfactory wxdxvwiyt.''—Mechanical IVorid. 

PATTERN MAKING. 

A Practical Treatise, embracing the Main Types of Engineering Construction, 
and including Gearing, both Hand and Machine-made, Engine Work, Sheaves 
and Pulley.s, Pipes and Columns, Screws, Machine Parts, Pumps and Cocks, 
the Moulding of Patterns in Loam and Greensand, &c., together with the 
methods of estimating the weight of Castings; with an Appendix of Table.s for 
Workshop Reference. By Joseph G. Horner, A.M.I.M.E. Second Edition, 
Enlarged. With 450 Illustrations. Crown 8vo, cloth .... 7/0 

"A well-written technical guide, evidently written by a nian who unrlerst.ands and has prac¬ 
tised what he has written about. . . . We corrJi.ally recommend it to engineering stuilents, young 
joumeynicn, and others desirous of being initiated into the mysteries of pattcni-making.’’— 

" More than 400 illustrations help to explain the text, which is, however, always clear and ex¬ 
plicit, thus rendering the work an excellent vadc viecnm for the apprentice who desires to become 
master of his trade.”— Mechanic. 

MECHANICAL ENGINEERING TERMS 

(Lockwood’s Dictionary of). Embracing those current in the Drawing Office, 
Pattern Shop, Foundry, Fitting, Turning, Smiths’, and Boiler Sh<^s, &c., &c. 
Comprising upwards of 6,000 Definitions. Edited by Joseph G. Horner, 
A.M.I.M.E. Second Edition, Revised, with Additions. Crown 8vo, cloth 7/0 
" Just the sort of handy dictionary required by the various trades engaged in mechanical en¬ 
gineering. 

" Not merely a dictionary, but, to a certain extent, also a most valuable guide. It strikes us 
as a happy idea to combine with a definition of the phrase useful information on the subject o# 
xfhich it treats.”— Machinery Market. 

TOOTHED GEARING. 

A Practical Handbook for Offices and Workshops. By Joseph Horner, 
A.M.I.M.E. With 184 Illu-strations. C^rown 8vo, cloth . . . 0/0 

"We must give the book our unqualified praise’ for its thoroughness of treatment, and wc can 
heartily recommend it to all interested as the most practical book on the subject yet written.”— 
Mechanical tyorld. 

FIRES, FIRE-ENGINES, AND FIRE BRIGADES. 

With a History of Fire-Engines, their Construction, Use, and Manage¬ 
ment; Foreign Fire Systems; Hints on Fire-Brigades, &c. By Chari.es 
F. T. Young, C.E. 8vo, cloth.£1 4*. 

** To such of our readers as are interested In the subject of fires and fire apparatus we can 
most heartily commend this book. —Engineering. *' 


The practical engineering pupil will find the book of great value m Ids studies, and every 
^ineer and mechanic should have a co-c>y."—Building Nev/s. 
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STONE-WORKING MACHINERY. 

A Manual dealing with the Rapid and Economic^ Conversion of Stone. With 
Hints on the Arrangement and Management of Stone Works. By U. Powis 
Bale, M.I.M.E. %cond Edition, enlarged. With Illustrations. Crown 8vo, 
cloth. [/»st FtthlwAed. 9/0 
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THE ENGINEER’S YEAR BOOK FOR 1900. 

Comprising FormulEe, Rules, Tables, Data and Memoranda in Civil, Mechanical, 
Electrical, Marine and Mine Engineering. By H. R. Kemfe, .\.M. Inst. C.E., 
M.I.E.E., Technical Officer of the Engineer-in-Chief’s Office, General Post 
Office, London, Author of “A Handbook of Electrical Testing." “The 
Electrical Engineer'sPocket-Book,’'&c. Withabout t,ooo Illustrations,specially 
Engraved for the work. Crown 8vo, Soo pp., leather. [Just Published. 8/0 
“ Represents an enormous quantity of work, and forms a desirable book of tefetence.”— 7 Vie 
“The volume is distinctly in advance of most similar publications in this country."— 
“ This valuable and well-designed book of reference meets the demands of all descriptions of 
" Teems with up-to-date information in every branch of engineering and construction.”— 



THE PORTABLE ENGINE. 


A Practical Manual on its Construction and Management. For the use 
of Owners and Users of Steam Engines generally. By William Dyson 
Wansbrough. Crown 8vo, cloth. 3/6 



IRON AND STEEL. 

A Work for the Forge, Foundry, Factory, and Office. Containing ready, 
useful, and trustworthy Information for Ironmasters and their Stock-takers ; 
Managers of Bar, Rail, Plate, and Sheet Rolling Mills; Iron and Metal 
Founders; Iron Ship and Bridge Builders; Mechanical, Mining, and Con¬ 
sulting Engineers; Architects, Contractors, Builders, &c. By Charles Hoare, 
Author of “The Slide Rule,” &c. Ninth Edition. 32mo, leather . 6/0 


'* For comprehensiveness the book has not its equal.”—. 
“ One of the best of the pocket books ."—English M(ch 


CONDENSED MECHANICS. 

A Selection of Formula;, Rules, Tables, and Data or the Use of Engineering 
Students, Science Classes, &c. In accordance with the Requirements of the 
Science and Art Department. By W. G. Crawford Hughes, A.M.I.C.E. 
^ Crown 8vo, cloth . ^. . . . . . ^ 

“ It is we^ arranged, and meets the wants of those for whom it is intended ."—Railway News. 


THE SAFE USE OF STEAM. 

Containing Rules for Unprofessional Steam Users. By an Engineer. Seventh 
Edition. Sewed . . . . . 6 d. 

“If steam-users would but leam this little book by heart, boiler explosions would become 


HEATING BY HOT WATER. 

With Information and Suggestions on the best Methods of Heating Public, 
Private and Horticultural Buildings. By Walter Jones. Second Edition. 

With 96 Illustrations, crown 8vo, cloth. Ket 2/6 

water to secure a copy of this 


ating by hot' 
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THE LOCOMOTIVE ENGINE. 

The Autobio^raph}' of an Old Loconioi 
BURN. M.l.M.E. With Illustrations ; 
Stephknson. Crown 6vo. cloth- 


THE LOCOMOTIVE ENGINE AND ITS DEVELOPMENT. 

1 I d Railway Engines 

.EMENT E. Stretton, C.E. Fifth Edition, 
s. Crown Svo, cloth. [Jmi Pubiislied. 3/6 


A Popular Treatise oi 
betw'een 1S03 and 
Enlarged. With 12 




LOCOMOTIVE ENGINE DRIVING. 


THE MODEL LOCOMOTIVE ENGINEER, 

Fireman, and Fn^jne-boy. Comprising a H’stoncai F 
Locomotive Lns;mes and tbeir Inveniors. Bv Michahl 
E dition, with Revised Appendix. Crown 
" From the techn 




CONTINUOU5 RAILWAY BRAKES. 

A Practical Ireatrse on the several Systems in Use m m 
their Construction and Performance. W ith copiou.s ) ilusri 
lable-s. by Michael Reynold.s. ovo. cloth 


STATIONARY ENGINE DRIVING. 

A Practical Manual for Eni>jneer.s in Chara;' 
Michael ReyI'Iold.s. hifth Edition. Crown 


ENGINE DRIVING LIFE. 

Stirring Adventuro.s nod Incidcnls id thr- I.ivcs oi T-.uo-i 
Jjiiver,. ily I\]iCHAt:t. Ri VNoLiis. .1 luid Edition. Cro vnoi 

THE ENOINEMAN'S POCKET COMPANION, 

Arid Pr.'tcticnl E.duoalor fur Enginumun, fioilur .\tir, . 

I?y Michaki. Kkv-milm.c. Wnli 4^ lllusirniiDiis him! inmi.-i 
Thrril luliiioti, Revised. Royal linio. .-irongiy houn.i f n pi i , 




,nY LOCKIVOOIJ SON’S CATALOGUE. 


CIVIL ENGINEERING, SURVEYING, &c. 

LIGHT RAILWAYS FOR THE UNITED KINGDOM, 

INDIA. AND THI-; COLONIE5. 


( f ♦ al Railways 

s, .and in iJelirium. France;, 
..M.l.iSt.C.K. Illustrated 

[JuUVublished. 16/0 


lu will,in rnacl, irnnnral inrmni.i 


PRACTICAL lUNNFLLING. 


THE WATER SUPPLY OF TOWNS AND THE CON- 

STRUCTION OF WATER-WORKS. 

A Practical Treatise for the Use of Engineers and Students of Engineering. 
By W. K, Burton, A.M. Inst. C.E., Profe.ssor of Sanitary Engineering in the 
Impeital University, 'lokyo, Japan, and Consulting Engineer to the Tokyo 
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EMBANKMENT AND RECLAMATION OF LAND. 

\ H;LiHlljook for the use of Engineers. }!y Alkx. Bkazelkv, 

\1. Insl. C.]-:. (JrowH 8vu, clolh. \Juit Puhlishai. Net 7/6 

MASONRY DAMS FROM INCEPTION TO COMPLETION. 

Inchutinj^ ninnerons Fornuila:, Forms of Specification and Tender, Pocket 
liiaRram of Forces, &c. For the use of Civil and Mining Engineers. By 
C. F. Couici MEY, M, Inst. C.E. 8vo, cloth. [/«st P^bhshed. 0/0 


RIVER BARS. 

The Causes of their Formation, anti their Treatment by “Induced Tidal 
Scour;” with a Description of the Succes.sful Ftiduction hy this Method of 
the Ear at Dublin- 13 y I. J. Mann, Assist, Eng. to the Dublin Port and Docks 

Board. Royal 8vo, cloth . . 7/6 

^ “ We reconimeiid all inprested in ^imb^ur \yorks—and, inde^,^ concerned in the 

TRAMWAYS: THEIR CONSTRUCTION AND WORKING. 

Enibr.'iclng a Comprehensive History of the System ; with an exhaustive 
Analysis of the Various Modes of Traction, including Horse Power, Steam, 
Cable Traction, Electric Traction, &c. ; a Description of the Varieties of 
Rolling Stock; and ample Details of Cost and Working Expenses. New 
Edition, Thoroughly Revised, and Including the Progress recently made in 
Tramway Construction, &c.. &c. By D. Kinnear Clark, M. Inst. C.E. 
With 400 Illustrations, tivo. 7S0 pp.. buckram. [Just PublisJied. 28/0 
“ Although described as n new edition, tins book is really a new one, a large part of it, which 
covers historical ground, havine oeen re-wruten and amplified ; while tjte parts which relate to all 

volume^of great value to al 
world-fained book on railway nu 

PRACTICAL SURVEYING. 

A Text-Book for Students preparing for Examinations or for Survey-work in 
the Colonies. By George W. Usill, A.M.I.C.E. \Vith 4 Plates and up¬ 
wards of 330 Illustrations. Sixth Edition. Including Tables of Natural Sines, 
Tangents, Secants, &c. Crown 8vo, cloth 7/6 J or, on Thin Paper, leather, 
gilt edges, for pocket use. {Just rNbiishcif, 12/6 

"The best forms of instruments are described as to their construction, uses aind iiiod« 

in his niexperience wil/fnid mosfserviceable."— ^ 
in - * 

.SURVEYING WITH THE TACHEOMETER. 

A practical Manual for the use of Civil and Military Engineer.^ and Surveyors, 
Including two series of Tables specially computed for the Reduction of 
Readings from Sexagesimal and from Centesimal Degrees. By Neil 
Kennedy, M. Inst. C.E. Demy Svo. with Diagrams and Plates. 

l/n the Press. Price, about 10/6 Net. 

AID TO SURVEY PRACTICE. 

For Reference in Surveying, Levelling, and Setting-out; and in Route Sur¬ 
veys of Travellers by Land and Sea. With Tables, Illustrations, and Records. 
By Lowis D’A. Jackson, A.M.I.C.E. 8vo, cloth .... 12/6 

" valuable 'vafU-mecuni for the surveyor. We recommend this -—- 

admirnble supplement to the teaching of the accomplished surveyor.’’—yfi 






CIVIL ENGINEERING, SURVEYING. 


ENQINEER’S & MINING SURVEYOR’S FIELD BOOK. 

Consisting of a Series of Tables, with Rules, Explanations of Systems, and 
use of Theodolite for Traverse Surveying and plotting the work with minute 
accuracjr by means of Straight Edge and Set Square only ; Levelling with the 
Theodolite, Casting-out and Reducing Levels to Datum, and Plotting Sections 
in the ordinary manner; Setting-out Curve.? with the Theodolite by Tangential 
Angles ^d Multiples with Right and Left-hand Readings of the Instrument; 
Setting-out Curves without Theodolite on the System of Tangential Angles by 
Sets oT Tangents and Offsets ; and Earthwork Tables to 8o feet deep, calcu¬ 
lated for every 6 inches in depth. By W. Davis Haskoli., C.E. With 
numerous Woodcuts. Fourth Edition, Enlarged. Crown 8vo, cloth . 1 2/0 








t of reliable tables 


LAND AND MARINE SURVEYING. 

In Reference to the Preparation of Plans for Roads and Railt^’aj’^s ; Canals, 
Rivers, Towns' Water Supplies; Docks and Harljours. With Description 
and Use of Surveying Instruments. LyW. Davis Haskoll. C.E. Second 
Edition, Revised, with Additions. Large crown 8vo, cloth . . . 9/0 

meadin^it, feeling asiiured^ttiai: it wli mop than pt.>av cjirefiu smav. —Jlccnamcai li'orNL 

PRINCIPLES AND PRACTICE OF LEVELLING. 

Showing its Application to Purposes of Railway and Civil Enidnneri 
the Construction of Roads; with Mr. Telfords Rules for the .same 
Frederick W. Simms, F.G.S., M. 1 CE gl F n 
addition of Law’s Practical Examples lor Semng-out xsaiiwav Curve- 
Trautvvine’s Field Practice of 1 .aying-out Circular Curves. With 7 : 

and numerous Woodcuts, Svo, cloth. 

*** Trautwine on Curves may be had separate. 

■m levelling in 


OUTLINE OF THE METHOD OF CONDUCTlN<i 

A TRHiONOMETRlCAL SURVEY. 

For the Formation of Geographical and Tonographical Man.'^ and Plan.s. Miii- 
tary Reconnaissance, LEVELLING, ^cc.. wuh Lseful i-roolems. lormuia;. 
and Tables. By Lieut.-General Fkomk, R.E. hourlh Eauion. Revised ana 
p^tly Re-written by Major-General Sir Chari.ES W arkkn. 


With 19 Plates and 1T.5 M^ocdcuts, royal Svo. cloti 


160 


necessary to bring ' 


of the contents up to 


TABLES OF TANGENTIAL ANGLES AND MULTIPLES 

FOR 5ETTINa-OUT CURVRS. 

From 5 to 200 Radiu.s. By A. Bea7iif's M In t C F 6i>i Fi 
Revised. Witli an .'\ppcndix on the nso of the lable.s ic M 1 i 

Curves. Printed on so Cards, and sold ui a doth bov. waisi t jr bet 

3 6 

■' Each trit,!e is printefl hi i tr e 

handy; a inari Iisiv know mat an ms day s vs-rk timst :;,ii - at r>vu t'l lltese s.irtis. ....us. 
he puts Into his own card<.ase. amt teaves tjie rest betiind. ~ Ainf.uruin. 

HANDY GENERAL EARTH-WORK TABLES. 

Giving the Contents in Cnwc Vanls of t emre .aim bmpes .if t uttinsts mm 
Embankments from .t inches to 80 feet in JJepth or Hci>;hi. lor use wait eiibet 
66 feet Chain or 100 feet Chain. By J. ll. Waison In tK, M. Inst.C .f 
On a Sheet mounted in cl»tb ease. [Jint } iiloiii.t.l 3 6 
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EARTHWORK TABLES. 

Showing the Contents in Cubic Yards of Embankments, Cuttingi, &c., of 
Heights or Depths up to an average of Bo feet. By Jo.seph Broadbent, C.E., 
and Francis Campin, C.E. Crown 8vo, cloth. fl/0 


A MANUAL ON EARTHWORK. 


THE CONSTRUCTION OF LARGE TUNNEL SHAFTS. 


A Practical and Theoretical Essay. 
Resident Engineer, L. and N. W. R 



CAST & WROUGHT IRON BRIDGE CONSTRUCTION 

(A Complete and Practical Treatise on), including Iron Foundations. In 
Three Parts.—Theoretical, Practical, and Descriptive. By William Humber, 
A. M. Inst. C.E., and M. Inst. M.E. Third Edition, revised and much im¬ 
proved, with ns Double Plates(2o of which now first appear in this edition), 
and numerous Additions to the Text. In 2 vols., imp. 4to, half-bound in 
morocco .... .£6 168 . 6 d. 



ESSAY ON OBLIQUE BRIDGES 


(Practical and Theoretical). With 13 large Plates, the late George 
Watson Buck, M.I.C.E. Fourth Edition, revised by his Son, J. H. Watson 
Buck, M.I.C.E. ; and with the addition of Description to Diagrams for 
Facilitating the Construction of Oblique Bridges, byW. H. Barlow, M.I.C.E. 
Royal 8vo, cloth. 12/0 

“ The standard text-book for all engineers regarding skew arches is Mr. Buck's treatise. 


! impossible to con 
:k‘s treatise is rec 

con^ssedly diffici: 


atment has divested 
3 to the engineer and 
■^Building I^ews. 


THE CONSTRUCTION OF OBLIQUE ARCHES 

(A Practical Treatise on). By John Hart. Third Edition, with Plates. 
Imperial 8vo, cloth. 8/0 


GRAPHIC AND ANALYTIC STATICS. 

In their Practical Application to the Treatment of Stresses in Roofs, Solid 
‘ Girders, Lattice, Bowstring, and Suspension Bridges, Braced Iron Arches and 
Piers, and other Frameworks. By R. Hudson Graham, C.E. Containing 
Diagrams and Plates to Scale. With numerous Examples, many taken from 
existing Structures. Specially arranged for Class-work in Colleges and 
Universities. Second Edition, Revised and Enlarged. 8vo, cloth - 16/0 

Studied.”— 

well-selected examples. It is an excellent tert-book for the practical draughtsman.”—^ 


weights of wrought iron & STEEL GIRDERS. 

A Graphic Table for Facilitating the Computation of the Weights of Wrought 
•Iron and Steel Girders, &c., for Parliamentary and other Estimates. By 
J.H. Watson Buck, M. Inst. C.E. On a Sheet . . - . . 2/6 







CIVIL ENGINEERING, SURVEYING, &t. 


PRACTICAL GEOMETRY. 

For tke Aidutect, Eaghyrr, and Mtxhamc. _ Ghmg Rules fcr the De&ncatiaa 


THE GEOpHETRY OF COMPASSES. 

Or, Problems Resolved by the mere Descripuco of Circles and the Use of 
Coloured Diagrams and Symbols. By Olives Bvbne. ColoDred Piates, 
Crown 8yo, ckxh.3;Q 

HANDY BOOK POR THE CALCULATION OF STRAINS 
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THE PROGRESS OF MODERN ENGINEERING. 

Complete in Four Volumes, imperial 4to, half-raorocco, price £12 ISi, 
Each volutire sold separately, as follows ;— 

First Series, Comprising Civil, Mechanical, Marine, Hydraulic, Railway 
Bridge, and other Engineering Works, &c. By William Humber 
A. M. Inst. C.E., &c. Imp. 4to, with 36 Double Plates, drawn to a large scale 
Photographic Portrait of John Hawkshaw, C.E., F.R.S., Sfc., and copiou; 
descriptive Letterpress, Specifications, &c. Half-morocco . ^ . £3 3s 

List of the Plates and Diagrams. 


HUMBER’S MODERN ENGINEERING. 


Second Series. Imp. 4to, with 3 Double P 
Robert Stephenson, C.E., M.P., F.R.S., &c., 
press, Specifications, &c. Half-morocco . 


tes. Photographic Portrait 0 
id copious descriptive Letter 

■ ■ ■ ■ £3 3s 


HUMBER’S MODERN ENGINEERING. 


HUMBER’S MODERN ENGINEERING. 

Fourth Series. Imp. 410, with 36 Double Plates, Photographic Portrait of 
John Fowler, late Pres. Inst. C.E., and copious descriptive Letterpress, Speci¬ 
fications, &c. Half-morocco.£3 3s. 

List of the Plates and Diagrams. 
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MARINE ENGINEERING, SHIPBUILDING, 
NAVIGATION, &c. 

THE NAVAL ARCHITECT’S AND SHIPBUILDER’S 

POCKEq-.BOOK of Formula, Rules, and Tables, and Marine Eiigiuetr’s and 
Surveyor's Handy Book of Reference. By Clement Mackrow, M.l.H.A. 
Seventh Edition, 700 pp., with 300 lilusiratioris. reap,, leainer . . 12/6 



WANNAN’S MARINE ENGINEER’S GUIDE 

To Board of Trade K.vaminations for Certificates of Competenev. Comamictr 
all Latest k;ue.stions to Date, with Simple. Clear, and Correct Solutions ; 
Elementarv and Veroal Questions and -Answers: coinulele s>et of Itrawinos 
with Statements completed, by A. C. Wannan.C.L.. and .L, \V. i. AV.snnan'. 
M.I.M.E. Illustrated with numerous Eniiravincs. Crown Eve, 570 D.sces. 
cloth, \Jusi ruipusm-ct. 8.6 


WANNAN’S MARINE ENGINEER’S POCKET-BOOK, 

Can he Lt Jo fldPl La A I 

P A C W a an S o 1 F r f Ijj R IN 

thumb Iride.v, leather. t/Hst S O 


• MARINE ENGINES AND STEAM VESSELS. 

A Treatise on. By Rolert Mukrav, C.K. EiRlith Edition, thoTouphly 
Revised, with consider.abie Additions by the Author aiui J.y Gfon:;.!-: 
Carllsle, C.E., Senior Surtajyor to the Board of Trade. 321110, clcih . 4 6 
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SEA TERMS. PHRASES, AND WORDS 

riVchnic-al Dictionary of) used in the English and French Lanj^ages 
(Eni>lish-Krt*n<:h, Frencb-English). For the Use of Seamen, Engineers, Pilots, 
Stiiplmilders, Shipowners, and Ship-brokers. Compiled by W. Pirkik, late of 
the African Steamship Company. Fcap. 8vo, cloth limp . . 6/0 

'■ Tills M-lnnie will be :i^iiiri!ciat(;(l by seamen. ei4d'>eer;-., pilots, shipbuilders and ship- 


"Avery useful tlictianavy, wliirh li.-^s loinr i>een warned l>y French and English engineers. 


ELECTRIC SHIP-LIGHTING. 

A Handiiook on the Practical Fitting and Running of Ships' Electrical Plant, 
for the Use of Shipowners and Guilders, Maritie Electricians and Sea-going 
Engineers in Charge, liy J. W. Urquhakt, Author of “Electric Light.” 
“ I'fynnino Con.'^tructinn.” ^c. Second Edition, Revised and .Extended. 
326 pp., with 88 Illustrations. Crown Svo, cloth. \Just Puhiished. 7/6 

MARINE ENGINEER’S POCKET-BOOK. 

Consisting of useful Table.s and Formulae. By Frank Proctor, A.I.N.A. 
Third Edition. Royal 321110, leather, gilt edges, with strap . . . 4/0 


ELEMENTARY ENGINEERING. 

A Manual for Young Marine Engineers and Apprentices. In the Form of 
Questions and Answers on Metals, Alloys, Strength of Materials, Con.struction 
and Management of Marine Engines and Boilers, Geometr^^, &c., &c. With 
an Appendix of Useful Tables. By J. S. Brewer. Crown 8vo, cloth . 1/6 


PRACTICAL NAVIGATION. 

Consisting of The Satlok’.s Sea-Book, by James Greenwood and W. H. 
Rosser; together with the exquisite Mathematical and Nautical Tables for 
the Working of the Problems, by Henry Law, C.E., and Professor J. R. 
Young. Illustrated. i2mo, strongly half-bound. 7/0 

MARINE ENGINEER’S DRAWING-BOOK. 

Adapted to the Requirements of the Board of Trade Examinations. By John 
Lockie, C.E. With 22 Plates, Drawn to Scale. Royal 8vo, cloth . 3/6 

THE ART AND SCIENCE OF SAILMAKINQ. 

By Samuel B. Sadler, Practical Sailmaker, late in the employment of 
Messrs. Ratsey and Lapthorne, of Cowes and Gosport. With Plates and 
other Illustrations. Small 410, cloth. 12/6 


CHAIN CABLES AND CHAINS. 

Com[)rising Sizes and Curves of Links, Studs, &c., Iron for Cables and Chains, 
Chain Cable and Chain Making. Forming and Welding Links, Strength of 
Cables and Chains, Certificates for Cables, Marking Cables, Prices of Chain 
Cables and Chains, Historical Notes, Acts of Parliament, Statutory Tests, 
Charges for Testing, List of Manufacturers of Cables, &c., &c. By 
Thomas W. Traill, F.E.R.N., M.Inst.C.E., Engineer-Surveyor-in-Chief, 
Board of Trade, Inspector of Chain Cable and Anchor Proving Establishments, 
and General Superintendent Lloyd’s Committee on Proving Establishments. ^ 
With numerous Tables, Illustrations, and Lithographic Drawings. Folio, 

cloth, bevelled boards.... . £2 2s. 

'* It contains a vast amount of^valuable infonnation. Nothing seems to be wanting to make it 
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COLLIERY WORKING AND MANAGEMENT. 

Comprising the Duties of a Colliery Manager, the Oversight and Arrange¬ 
ment of Labour and Wages, and the different Systems of Working Coal 
Seams. By H. F. Bulman and R. A. S. Redmayne. 350 pp., with 
28 Plates and other Illustrations, including Underground Photographs. 
Medium 3 vo, cloth. [ 7 «s< Published. 1 5/O 



INFLAMMABLE GAS AND VAPOUR IN THE AIR 

(The Detection and Meassurement of). By Frank Clowes, D.Sc., Lond., 
F.I.C., Prof, of Chemistry in the University College, Nottingham. With a 
Chapter on The Detection and Measurement of Petroleum Vapour 
by Boverton Redwood, F.R.S.E., Consulting Adviser to the Corporation 



MACHINERY FOR METALLIFEROUS MINES. 


A Practical Treatise for Mining Engineers, Metallurgists, and Managers of 
Mines. By E. Henry Davies, M.E., F.G.S. Crown 8vo, 580 pp., with 
upwards of 300 Illustrations, clotL . . . . . . . 12/6 



METALLIFEROUS MINERALS AND MINING. 

By D. C. Davies, F.G.S., Mining Engineer, &c.. Author of “A Treatise on 
Slate and Slate Quarrying.” Filih Edition, thoroughly Revised and much 
Enlarged by his Son, E. Henry Davies. M.E., F.G.S. With about 150 
Illustrations. Crown 8vo, cloth ..1 2/6 



EARTHY AND OTHER MINERALS AND MINING. 

'By_p. C. Davies, F.G.S., Author of “ Metalliferous Minerals," &c. Third 
BCdition, Revised and Enlarged by his Son, E. Henry Davies, M.E., F.G.S. 

With stbout too Illustrations. Crown 8vo, cloth. 12/6 

"WedonotteiDember to hare met with any English work on mining maners that contains 
tbeeniailDOagt ^infotiution packed in equaUy convenient fotm."—Academy. 

! ** taeUned to rank it aa among the very best of the handy technical and t 

ntanuailt which have recently appeared. - Sn/ish^Marter/y Kniew. 
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BRITISH MINING. 

A Treatise on the History, Discovery, Practical Development, and Future 
Prospects of Metalliferous Mines in the United Kingdom. By Robert 
Hunt, F.R.S., late Keeper of Mining Records. Upwards of 950 pp., with 
230 Illustrations. Second Edition, Revised. Super-royal 8vo, cloth £2 2s. 


se of statistical information on mining subjects, and we know of 
at a mass of matter of this kind. Were thi%,the only merit of 
ulficient to render it indispensable in the library of every one 
' the mining and metallurgical industries of this countr>*.”— 


MINE DRAINAGE. 

A Complete Practical Treatise on Direct-Acting Underground Steam 
Pumping Machinery. By Stephen Michell. Second Edition, Re-written 
and Enlarged, 390 pp. With about 250 Illustrations. Roval 8vo, cloth. 

Publuhcd. Net 25/0 



THE PROSPECTOR’S HANDBOOK. 

A Guide for the Prospector and Traveller in search of Metal-Bearing or other 
Valuable Minerals. By J. W. Anderson, M.A. (Camb.), F.R.G.S., Author 
of “ Fiji and New Caledonia.” Eighth Edition, thoroughly Revised and 
much Enlarged. Small crown 8vo, cloth, 3/6 i eyi, leather, pocket-book form, 
with tuck. \_Juit PublUheA. 4/6 

Will supply a much-felt want, especially among- Colonists, in whose way are so often thrown 
'"h^w to fo/commerci'a ® ° ‘ e'enmne. 


i supply m 


, Thes 


mes its size ."—Miniyig journal. 


NOTES AND FORMUL/E FOR MINING STUDENTS. 

By John Herman Merivale, M.A., Late Professor of Mining in the Durham 
College of Science, Newcastle-upon-Tyne. Fourth Edition, Revised and 
Enlarged. By H. F. Bulman, A.M.Inst.C.E. Small crown 8vo, cloth, 

[Just Published. 2/6 



THE MINER’S HANDBOOK. 

A Handy Book of Reference on the subjects of Mineral Deposits, Mining 
Operations, Ore Dressing, &c. For the Use of Students and others interested 
in Mining Matters. By John MiliJe, F.R.S., Professor of Mining in the 
Imperial University of Japan. Revised Edition. Fcap. 8vo, leather . 7/6 

" Professor Milne's handbook is sure to be received with favour by all connected with 

POCKET-BOOK FOR MINERS AND METALLURGISTS. 

. Comprising Rules, Formulm, Tables, and Notes for Use in Field and Office 

Work. By F. Danver:; Power, F.G.S., M.E. Second Edition, Corrected. 
Fcap. 8vo, leather. [Just Published. 9/0 

amongst English-speaking prospe'cti irs and mining mgineexs."—Engineerings. 

FIELD TESTING FOR GOLD AND SILVER. 

A Practical Manual for Prospectors and Miners. By W. H. Merritt, 
M.N.E. Inst. M.E., .A.R.S.M., &c. With Photographic Plates and other 
Illustrations/ Fcap. 8vo, leather. ' [Just Published. Net 5/0 





MINING AND METALLURGY. ai 


THE COLLIERY MANAGER’S HANDBOOK. 

A Comprefaensive TreaUK oo the Laying-out and Working of Coilieries, 
Designed as a Book of Reference for ColBery Msuiagers, and for the Use of Coa! 
Mining Students preparing for First-class Certificates. By Caleb PaiIblv, 
Mining Engineer and Surveyor; Member of the North of Eimland Institute of 
Mining and Mechanical Engineers; and Member of the South Wales Institute 
A Miniitg Ei^neers. With 70a Plans, Diagram^ and other Illustrations. 
Fourth Edition, Revised and Enlarged, medium 8vo, over 900 pp. 
Strongly bound. £1 Bs. 



Pig Iron Manufacture. By Richaj 


TRAVERSE TABLES. 

For use in Mine Surveying. By W. Li« 
Svo, cloth. 

COAL AND COAL MINING. 

By the late Sir Warington W. Smyth 
• Mines of the Crown. Eighth Edition, Rev 
Bkowx, Mining Engineer, Chief Inspecto 
of the Duchy of Cornwall. Crown Svo, do 


A5BESTO.S AND ASBESTIC. 

Their Properties, Occurrence, and Use. By Robert H. Jones, F.S..4., 
Mineralogist, Hon. Mem. A.sbestos Club, Black Lake, Canada With Ten* 
Collotype Plmes and other Illustrations. Demy 2vo, cloth. [Just Publishtd. 16/0 
" An interesting and invaluable —Co’Jiery Guardian. 

5UBTERRANE0U5 SURVEYING 

^lementary and Practical Treatise on), with and without the Magnetic Needle. 
By Thomas Fenwick, Surveyor of Mines, and Thomas Baker, C.E. Illus¬ 
trated. tzmo, cloth. 2/6 


GRANITE5 AND OUR GRANITE INDUSTRIES. 

ByGsoECE F. Harris, F.G.S., Membre de la Sociftf Beige de Cfologie, 
Lecturer on Economic Geology at the Birkbeck Institution, &c. With lHus- 

mtiom. Crown 8vo, cloth.2/6 

. " AstMtfeaBdweOrfnitMD man-ud rntpervonaensaged ovintcrotad in the granite Induitiy. 
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THE METALLURGY OF GOLD. 

A Practical Treatise on the Metallurgical Treatment of Gold-bearing Ores. 
Including the Processes of Concentration, Chlorination, and Extraction by 
Cyanide, and the Assaying, Melting, and Refining of Gold. By M. EtssLER, 
Mining Engineer and Metallurgical Chemist, formerly Assistant Assayer of the 
U.S. Mint, San Francisco. B'ourth Edition, Enlarged. With fbout 250 Illus¬ 
trations and numerous Folding Plates and Working Drawings. Large crown 
8vo, cloth. [Just Published. 16/0 



THE CYANIDE PROCESS OF GOLd'eXTRACTION. 

Including its Practical Application on the Witwatersrand Gold Fields in South 
Africa. By M. Eissler, M.E., Author of “The Metallurgy of Gold," &c. 
With Diagrams and Working Drawings. Second Edition, Revised and En¬ 
larged. 8vo, cloth. [Just Published. 7/6 



THE METALLURGY OF SILVER. 

A Practical Treatise on the Arnalgamation, Roasting, and Lixiviation of Silver 
Ores. Including the Assaying, Melting, and Refining of Silver Bullion. By 
M. Eissler, Author of “The Metallurgy of Gold,” &c. Third Edition. 
Crown 8vo, cloth. 10/6 



THE METALLURGY OF ARGENTIFEROUS LEAD. 

A Practical Treatise on the Smelting of Silver-Lead Ores and the Refining of 
Lead Bullion. Including Reports on various Smelting Establishments and 
Descriptions of Modern Smelting Furnaces and Plants in Europe and America. 
By M. Eissler, M.E., Author of “ The Metallurgy of Gold,” &c. Crown 8vo, 
400 pp., with 183 Illustrations, cloth. 12/6 



METALLURGY OF IRON. 

By H. Bauerman, F.G.S., A.R.S.M. Sixth Edition, Revised and Enlarged, 
lamo, cloth.. 6/0 

THE IRON ORES of GREAT BRITAIN and IRELAND. 

Their Mode of Occurrence, Age and Origin, and the Methods of Searching for 
and Working Them. With a Notice of some of the Iron Ores of Spain. By 
J. D. Kendall, F.G.S., Mining Engineer. Crown 8vo, cloth . . 1 6/0 






ELECTRICITY. ELECTRICAL ENGINEERING, S^c. 23 

ELECTRICITY, ELECTRICAL 
ENGINEERING, &c. 


SUBMARINE TELEGRAPHS. 

Their History, Construction, and Working. Founded in part on WUnschen- 
dorkf’s “ Traiti de T416graphie Sous-Marine,” and Compiled from Authorita¬ 
tive and Exclusive Sources. By Charles Bright, F.R.S.E. Super-royal 
8vo, about 780 pp., fully Illustrated, including Maps and Folding Plates. , 

l/usi Published. Net £3 Sa. 

Mr. ChaTlcr&right.'*The“rutho”hardonehiswork°aduUrably?anThas wtuTcTm 

conl^bold*the posltion*^"^ E.iglish classiron sutaiarine™ 

“ This book is full of infonnatioii. It makes a book of reference which should be in every 
engineer’s library.’ —A’a/wrr. 

** Mr. Bright’s interestingly written and admirably illustrated book will meet with a welcome 
'^'*The^uthor deals^wth his subject from all points of^view—political and strategical as well as 

rendered a service that will be very widely appreciated. 

THE ELECTRICAL ENGINEER’S POCKET-BOOK. 

Consisting of Modern Rules, Formulae, Tables, and Data. By H. R. Kemi'e, 
M.Inst.E.E., A.M.Inst.C.E., Technical Officer Postal Telegraphs, Author of 
“ .A Handbook of Electrical Testing,” “ The Engineer’s Year-Book,” &c. 
Second Edition, thoroughly Revised, with Additions. With numerous Illus¬ 
trations. Royal jamo, oblong, leather . . . . . . .6/0 

'• Strongly recommended to those engaged infhe electrical industries.”—.fi*c<ni:a/.Kemrw. 

ELECTRIC LIGHT FITTING. 


A Handbook for Working Electrical Engineers, embodying Practical Notes on 
Installation Management. By J. W. Urquhart, Electrician, Author of 
“ Electric Light,” &c. With numerous Illustrations. Third Edition, 
Revised, with Additions. Crown 8vo, cloth. []ust Published. 6/0 


** Eminently practical and useful . , . Ought to be In the hands of every one In charge of an 
eleA^ light ^dojit.—EUctricat Enginttr. 

ELECTRIC LIGHT. 

Its Production and Use, Embodying Plain Directions for the Treatment of 
Dynamo-Electric Machines, Batteries, Accumulators, and Electric Lamps. 
By J. W. Urquhart, C.E. Sixth Edition, Revised, with Addition.s and 145 
Illustrations. Crown 8vo, cloth, [Ju&t PablUhtd. 7/6 

*' T^e whole ground of electric lighting is more or less covered and explained in a very clear 


DYNAMO CONSTRUCTION. 


k than ‘Electric Light' by Urquhart. 


A Practical Handbook for the Use of En^jineer-Constructors and Eleclricians- 
ui-Charge. Embracing F'ramework Building, Field Magnet and Armature 
Winding and Grouping, Compounding, &c. With Flxamplcs of leading 
English, American, and Continental Dynamos and Motors. By J. W. 
Urouhart. Author of “ Electric Light,” &c. Second Edition, Enlarged. 

With i >4 Illustrations. Crown Bvo, cloth. 7/3 

' Hr. UrquliaR's book Is the first ime which deals with these matten In such a way that the 
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THE MANAGEMENT OF DYNAMOS. 

A Handy Rook of Theory and Practice for the Use of Mechanics, Engineers, 
Students, and others in Charge of Dynamos. By G. W. Lummis-Paterson. 
.Second Edition, thoroughly Revised and Enlarged. With numerous Illustra¬ 
tions. Crown 8vo, cloth. Published, 4/6 

“ An example which deserves to be taken as a model by other authors. The subject ts treated 
In a manner which a>iy intelligent itjan wlio is fit to be entrusted with charge of* an engine should 


THE STANDARD ELECTRICAL DICTIONARY. 

A Popular Encyclopaedia of Words and Terms Used in the Practice of Electrical 
Engineering. By T. O'Conor Sloane, A.M., Ph.D. Second Edition, 
with Appendix to date. Crown 8vo, 680 pp., 390 Illustrations, cloth. 

' ^ 

ELECTRIC SHIP=LIQHTINQ. 

A Handbook on the Practical Fitting and Running of Ships’ Electrical Plant. 
For the Use of Shipowners and Builders, Marine Electricians, and Seagoing 
Engineers-in-Charge. By J. W. Urquhart, C.E. Second Edition, Revi.sed 
and Extended. 326 pp., with 88 Illustrations, Crown 8vo, cloth. 

{Just Published. 7/6 

" The subject of ship electric lighting is one of vast importance, and Mr. Urquhart is to be 
highly complimented for placing sucli a valuable work at the service of marine electricians ."—The 

ELECTRIC LIGHT FOR COUNTRY H0U5E5. 

A Practical Handbook on the Erection and Running of Small Installations, 
with Particulars of the Cost of Plant and Working. By J. H. Knight. 
Second Edition, Revised. Crown 8vo, wrapper. [Just Published. 1/0 


ELECTRIC LIGHTING (ELEMENTARY PRINCIPLES OF). 


electric li5iting“cannotXbefte?thin"rMd'tWs fSe work.”— 

DYNAMIC ELECTRICITY AND MAGNETISM. 

By Philip Atkinson, A.M., Ph.D., Author of “Elements of Static 
Electricity,” &c. Crown 8vo, 417 pp., with 120 Illustrations, cloth . 10/6 

POWER TRANSMITTED BY ELECTRICITY 

And applied by the Electric Motor, including Electric Railway Construction. 
, By P. Atkinson, A.M., Ph.D. With 96 Illustrations. Crown 8vo, cloth 7/6 

HOW TO MAKE A DYNAMO. 

A Practical Treatise for Amateurs. Containing numerous Illustrations and 
, Detailed Instructions for Constructing a Small Dynamo to Produce the 
Electric Light. By Alfred Crofts. Fifth Edition, Revised and Enlarged; 
Crown 8vo, cloth. {Just Published. 2/0 


Id a practical dynair 




THE STUDENT’S TEXT-BOOK OF ELECTRICITY. 

By H. M. Noad, F.R.S. Cheaper Edition. 650 pp., with 470 Illustrations. 
Crown 8vo, cloth.', . . ... . 8/0 
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ARCHITECTURE, BUILDING, &c. 

PRACTICAL BUILDING CONSTRUCTION. 

A Handbook for Students Preparing for Examinations, and a P»ook of 
Reference for Persons Engaged in Building. By John Parnell Allkn, 
Surveyor, I/CCturer on Building Construction at the Durham College of 
Si ieiii e, Newcastle-on-Tyne. Third Edition, Revised and Enlarged. 
Medium 8vo, 450 pp., with 1,000 Illustrations, cloth. Published. Y/6 

" rhF» most complete esposltlon of biiildiuR conslructlon we Imvc seen. U omt.ons ivll that is 
»ei ess-iry to prepare students for tl«e various examinations in ImiUling construction. 


exactly corresponding to convenient scales.”— journal 0/the Royal Institute 0/ British Architects. 

PRACTICAL MASONRY. 

A Guide to the Art of Stone Cutting. Comprising the Construction, Setting 
Out, and Working of Stairs, Circular Work, Arches, Niches, Domes, Penden- 
tives. Vaults, Tracery Windows, &c,, &c. For the Use of Students, Masons, 
and other Workmen. By William R. Purchase, Building Inspector to the 
Borough of Hove. Third Edition, with Glossary of Terms. Royal 8vo, 142 pp., 
with 53 Lithographic Plates, comprising nearly 400 separate Diagrams, 
doth. ■ ' [fust r„h!ishi-d. 7/6 

lids important suliiecl, whether theoretic.iHy nr practically. ^lost <tf the examples given are from 
actual work carried out, the diagrams being carefully drawn. The tiook is .1 practical treatise 011 
the subject, the autlior liiluself having commenced as an opcr.ativc mason, and afterwards acted as 
fnreman mason on many large and important tmlldings prior to tlie attainment of liis present 


CONCRETE: IT5 NATURE AND USES. 

A Book for Architects, Builders, Contractors, and Clerks of Works. By 
Gf.okgk L. Sutcliffe, A.K.I.B.A. 350 pp., with numerous Illustrations. 
Crown 8vo, cloth. 7/6 

“ The author treats a difficult subject in a lucid manner. The m;inLj.al filb a long-felt gap. 
It is careful and e.xhaustivu ; eipully useful as a student's guide and an architect's book of 
reference.’— Journal 0/ the Royal Institute of British Architects, 

"There is room for this new book, which will probably be for some time the standard work 
on the subject for a builder's purpose.'—(r/rrjjyirrv Ilerahi. 

TME MECHANICS OF ARCHITECTURE. 

A Trcati.se on Applied Mechanics, especially Adapted to the Use of Architects. 
By K. W. Tarn, M.A.. Author of “The Science of Building,’’&c. Second 
Edition, Enlarged. Illustrated with 125 Diagrams. Crown 8vo, cloth 7/6 
" Tht book is a very useful and helpOd manual of architectiir.il merh.anics. and really cont.dns 
sufficient to enable .i careful and painstaking stmient to grasp the principles bearinj,: upon the 
ni.ijority of buildhiR prohleins. . . . Mr. Tarn has a«Tde(l, by tins volume, lo the debt of 
gratitude which is owing to liim by architectural students for the m.my vahi.-tblo works which he has 
prixluceci for their use.' » 7 he Builder. 

LOCKWOOD’S BUILDER’S PRICE BOOK for 1900 . 

A Comprehensive Hnmlbiwk of the Imlc.st Prices :md Ikil.i for Bnilder.s, 
Architects, Engineers, .mil Conir.-rctors. Ke-cunsirncteil, Ke-wriltcn, and 
Greatly Enlarged. By Francis T. W, Mii.i.kr. 8oo do.scly-piinted pages, 

crown 8vo, cloth.4/0 

" This biiok is a very usi-fiil mm. .wcl slimild find a |i|.ice in every iMiglisli iillico ronnected 
wtUi the building and onRine«‘riiiK professions. 


THE DECORATIVE PART OF CIVIL ARCHITECTURE. 

By Str William CiiAMiiRRS, F,R..S. With Portr.iii, IllustraiUms, Notes, .and 
M Examination of Gkkcian Ahchitrcturk, by [oski ii tlwii.T. F.,S..\. 
Rwitwl and KUited by W.'H. Leku.s. 66 Plates. 4to,’cloth , 21/0 
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A HANDY BOOK OF VILLA ARCHITECTURE. 

Being a Series of Designs for Villa Residences in various Styles. With 
Outline Specifications and Estimates. By C. WiCKES, Architect, Author of 
“The Spires and Towers of England,” &c. 6i Plates, 4to, half-morocco, gilt 

edges. 11«. 6d. 


THE ARCHITECT’S GUIDE. 

Being- a Text-book of U.seful Information for Architects, Engineers, Surveyors 
5, Clerks of Works, &c., &c. By Frederick Rogers, Architect. 


Contractc , 

Third Edition. Crown 8vo, cloth 
“As a text-book of useful in 
i to find a handier or more coni 


engineei 


ARCHITECTURAL PERSPECTIVE. , 

The whole Course and Ofierations of the Draughtsman in Drawing a Large 
House in Linear Perspective. Illustrated by 43 Folding Plates. By F. O. 
Ferguson. Second Edition, Enlarged. 8vo, boards .... 3/6 
" It is the most intelligible of the treatises on this iU-treated subject that I have met with.”— 
E. INGRESS BELL, ESQ., in the R.I.B.A. Journal. 

PRACTICAL RULES ON DRAWING. 

For the Operative Builder and Young Student in Architecture. By George 
Pyne. 14 Plates, 4to, boards. 7/6 

MEASURING AND VALUING ARTIFICER’S WORK 

(The Student's Guide to the Practice of). Containing Directions for taking 
Dimensions, Abstracting the same, and bringing the Quantities into Bill, with 
Tables of Constants for Valuation of Labour, and for the Calculation of .\reas 
and Solidities. Originally edited by E. Dobson, Architect. With Additions 
by E. W. Tarn, M.A. Seventh Edition, Revised. With 8 Plates and 
63 Woodcuts. Crown 8vo, cloth. {Just Published. 7/6 

^ “ This edition mUbe^found the most complete foeafjjo oi^the^ principles of measuring and 

TECHNICAL GUIDE, MEASURER, AND ESTIMATOR. 

For Builders and Surveyors. Containing Technical Directions for Measuring 
Work in all the Building Trades, Complete Specifications for Houses, Roads, 
and Drains, and an Easy Method of Estimating the parts of a Building 
collectively. By A. C. Beaton. Eighth Edition. Waistcoat-pocket size, 
gilt edges . . • - . . 1/6 

CONSTRUCTIONAL IRON AND STEEL WORK. 

As Applied to Public, Private, and Domestic Buildings. A Practical Treatise 
for Architects, Students, and Builders. By F. Campin. Crown 8vo, cloth. 

[]uit Published. 3/6 


SPECIFICATIONS FOR PRACTICAL ARCHITECTURE. 

A Guide to the Architect, Engineer, Surveyor, and Builder. With an Essay 
on the Structure and Science of Modern Buildings. Upon the Basis of the 
Work by Alfred Bartholomew, thoroughly Revised, Corrected, ^d greatly 
, . added to by Frederick Rogers, Architect. Third Edition, Revised. 8vo, 
cloth . ... . . .. 15/0 

THE HOUSE-OWNER’S ESTIMATOR. 

Or, What will it Cost to Build, Alter, or Repair? A Price Book for Un¬ 
professional People as well as the Architectural Surveyor and Builder. By 
J. D. Simon. Eklited by F. T. W. Miller, A.R.I.B.A. Fourth Edition. 

Crown 8vo, cloth.,.3/6 

“ In two years it will repay its cost a hundred times over. "—FitU. 
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SANITATION AND WATER SUPPLY. 


THE PURIFICATION OF SEWAGE. 

Being a Brief Account of the Scientific Principles of Sewage Purification, and 
their Practical Application. By Sidney Barwise, M.D. (Lend.), M.R.C.S., 
D.P.H (Camb.), Fellow of the Sanitary Institute, Medical Officer of Health 
to the Derbyshire County" Council. Crown 8vo, cloth, [/usi Published. SIO 



WATER AND ITS PURIFICATION. 


A Handbook for the Use of Local Authorities, Sanitary Officers, and others 
interested in Water Supply. By S. Rideal, D.Sc. Lond., F.I.C. With 
numerous Illustrations and Tables. Crown 8vo, cloth. [Just Published. "JIB 



RURAL WATER SUPPLY. 


A Practical Handbook on the Supply of Water and Construction of Water¬ 
works for Small Country Districts. By Allan Greenwell, A.M.I.C.E., 
and W. T. CuRKV, A.M.I.C.E. Revised Edition. Crown 8vo, cloth 5/0 



THE WATER SUPPLY OF CITIES AND TOWNS. 

By William Humber, A.M. Inst. C.E., and M.Inst. M.E. Imp. 410, half¬ 


bound morocco. (See page II.) .iWif £6 6S. 

THE WATER SUPPLY OF TOWNS AND THE CON¬ 

STRUCTION OF WATER.WORKS. 

By Professor W. K. Burton, A.M. Inst. C.E. Second Edition, Revised 
and Extended. Royal Svo, cloth. (See page 10.) .... 25/0 

WATER ENGINEERING. 


_ A Practical Treatise on the Measurement, Storage, Conveyance, and Utilisa- 
tion of Water for the Supply of Towns, for Mill Power, and for other Purposes. 
By C. Slagg, A.M. Inst. C.E. Second Edition. Crown 8vo, cloth . 7/6 

SANITARY WORK IN SMALL TOWNS AND VILLAGES. 

By Charles Slagg, A. M. Inst. C.E. Crown Svo, cloth . . . 3/0 

SANITARY ARRANGEMENT OF DWELLING-HOUSES. 


A Handbook for Householders and Owners of Houses. By A. J. Wallis- 
Tayler, A.M.Inst.C.E. Crown Svo, cloth. 2/6 

"This book will be Lirgely read ; it will be of considerable service to the public. It is well 
arranged, easily read, and for the most part devoid of technical terias.”—Lancet. 


VENTILATION. 

A Text-book to the Practice of the Art of V'entilating Buildings. By W. P. 
Buchan, R.P. Crown Svo, cloth. 3/6 

PLUMBING. 


A Text-book to the Practice of the Art or Craft of the Plumber. By W.'P. 
Buchan, R.P. Seventh Edition, Enlarged. Crown Svo, cloth . 3/6 


THE HEALTH OFFICER’S POCKET-BOOK. 

A Guide to Sanitary Practice and Law. For Medical Officers of Health, 
Sanitary Inspectors, Members of Sanitary Authorities, &c. By Kiiwakd 
F. Willoughby, M.D. (Lond.), &c. Fcap. Svo, cloth .... 7/6 

aWlill'l'l^ ***** infornuition of a |iertiiient and useful kind on the various subjects of 

Sm hdlv and k 


alratrd by rliagrai 
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CARPENTRY, TIMBER, &c. 


THK i!lemi:ntary principles of carpentry. 

A I Dti tlw l-rcsMirc anil KiiiiLlihriiini uf 1 imber I'raming. tlie Kfisistance 

111 Iimhnr, and ihn C.onslrmaion of Moors, Ari iics, hnilgcs, lAjofs, Uiiiting 
Iron ami dioin: with I iinln;r. &i:. I o whiob is adiiiid an fcssay on the Nature 
a i I I i f I I er y tt U r ) t f 1 kii 1 jf \V I used 
in liuililiinr; also mmicrous J ahlos of the Siaanflings nf I nnlier for different 
II ll 'll I ( I I \I 1 I 1 > r ( tA Tki I OLU C.E. 

W I a \|1 1 f 's| 1 f\ J f fir n i St ne lllus- 

Iratcd. Sevi'ntli Einrion. thorontrlilv Keviseid and oonsiderahly Enlarged liy 
E. WVMIIIIAH Tahn. M.A., Author of “The .Science of Uuilding." &c. 
With 6i Plaies. Fonraii of the Author, and several Woodcuts. In One large 
Vol.. 4to, cloth. 2 SiO 






WOODWORKINCi MACHINERY. 

Its Rise, Progress, and Construction. With Hints on the Management of Saw 
Mill.s.-Uid tile Economical Conversion of Timber. Illustrated with E-vaniples 
of Recent He.signs by leading English. 1 ' rench, and American Engineers. By 
M. Powis HAr.E. A.M.Inst.C.E.. M.I.M.E. Second Edition, Revised, 
with large-Additions, large crown Svo. 440 pp,. cloth .... 9/0 
■■ Mr. iwtc IS eviiientiv an esuerr on me siiiiject. ,nnd ne lias collected so much information 


SAW MILLS. 

Their Arrangement and Management, and the Econoirtical Conversion of 
Timber. By M- .Towis Bale. A.M.ln.st.C.E. Second, Edition, .Revised. 
Crown Svo, cloth. [Just Published. 10/6 

are gone into in dct.Til, Hiid the course of tne f.nioer is tr.Tced from?ts reception to its delivery 
converted stHte. We could not aesire a more complete or practical treatise. '— 

THE CARPENTER’S GUIDE. 

Or, Book of Line.s for Carpenters ; comprising all the Elementary Principles 
essential for acquiring .a knowledge of Carpentry. Founded on the late Petek 
Nicholson's st.andard work. A New Edition, Revised by Arthur Ashtitel, 
F.S.A. Together with Practical Rules on Drawing, by George Pyne. 
With 74 Plates, 4to, cloth.£1 1 s. 

A PRACTICAL TREATISE ON HANDRAILING. 

Showing New and Simple Methods for Finding the Pitch of the Plank, Drawing 
the Moulds, Bevelling, loiniing-up, and Squaring the Wreath. _ By George 
Colungs. Second Edition. Revised and Enlarged, to which is added 
• A Treatise ON Stair-huilding. With Plates and Diagrams . . 2/6 

“Almost every difficult phase*of t;us somewhat intricate branch'of joinery is elucidated by 
the aid of plates and explanatory letterpre.ss. —/-urmturc Gazette. 

CIRCULAR WORK IN CARPENTRY AND JOINERY. 

A Practical Treatise on Circular Work of Single and Double Curvature. Bj’ 
George Collings. With Dia.grams. Third Edition, i2mo, cloth . 2/6 
“An excellent exanmie of what a book of this kind should be. Cheap in price, clear in 

THE CABINET-MAKER’S GUIDE TO THE ENTIRE 

CONSTRUCTION OF CABINET WORK. 

Including the Art of Laying Veneers, &c. By Rich-YRD Bitmead. -Svo, with 
numerous Illustrations, wrajiper.3/6 









CARPENTRY, TIMBER,, ^c. 


HANDRAILINO COMPLETE IN EIGHT LESSONS. 

On the Square-Cut ^tem. By J. S. Goldthorp, Head of Building 
Department, HalUax Technical School. With Eight Plates and 'over 150 

Practical Exercises. 4to, cloth. 3/6 

" Likely to be of consider&bl» value to joiuers and others who take a pride in ^ood work. 
The arrangement of the book is excellent. We heartily commend it to teachers and students. 
Tiniber T^ades^ournal, 

TIMBER MERCHANT’S and BUILDER’S COMPANION. 

Containing New and Copious Tables of the Reduced Weight and Measure¬ 
ment of Deals and Battens, of all sizes, from One to a Thousand Pieces, and 
the relative Price that each size bears per Lineal Foot to any given Price per 
Petersburgh Standard Hundred ; the Price per Cube Foot of Square Timber 
to any given Price per Load of 50 Feet, &c., &c. By William Dowsing. 
Fourth Edition, Revised and Corrected- Crown 8vo, cloth . . . 3/0 

simplicity of dri’aUBeinent leave nothing to be desired. Trades Journal. 

THE PRACTICAL TIMBER MERCHANT. 

A Guide for the Use of Building Contractors, Surveyors, Builders, &c., 
comprising useful Tables for all purposes connected with the Timber Trade, 
Marks of Wood, Ess.ay on the Strength of Timber, Remarks on the Growth of 
Timber, &c. By W. Richardson. Second Edition. Fcap. 8vo, cloth . 3/6 
“Contains much valuable information for timber merchants, builders, foresters, and all 
others connected with the growth, sale, and manufacture of Wvaha:'—Journal 0/Forestry. 

PACKING-CASE TABLES. 

Showing the number of Superficial Feet in Boxes or Packing-Cases, from six 
inches square and upwards. By W. Richardson, Timber Broker. Third 
Edition. Oblong 410, cloth .. 3/6 

GUIDE TO SUPERFICIAL MEASUREMENT. 

Tables calculated from i to 200 inches in length by i to 108 inches in breadth. 
For the use of Architects, Surveyors, Engineers, Timber Merchants, 
Builders, &c. By James Hawkings. Fourth Edition. Fcap., cloth . 3/6' 
“A useful collection of tables to facilitate rapid calculation of surfaces. The exact area of 
any surface of which the limits have been ascertained can be instantly determined. The book will 
be found of the greatest utility to all engaged in building operations.”— Scotsman. 

PRACTICAL FORESTRY. 

And its Bearing on the Improvement of Estates. By Charles E. Curtis, 
F.S.I., Professor of Forestry, Field Engineering, and General Estate 
Management, at the College of Agriculture, Downton. Second Edition, 
Revised. Crown 8vo, cloth. [7»s< Published. 3/6 

Summary of contents : — Prefatory Remarks. — Objects of Planting.— 
Choice of a Forester.—Choice of Soil and Site.—Laying Out of Land for 
Plantations.—Preparation of the Ground for Planting.—Drainage.—Plant¬ 
ing.—Distances AND DISIRIBUTION OF TREES IN PLANTATIONS.—TREES AND GROUND 


THE ELEMENTS OF FORESTRY. 

Designed to afford Information concerning the Planting and Care of Forest 
Trees for Ornament or Profit, with suggestions upon the Creation and Care K>{ 
Woodlands. By F. B. Hough. Large crown 8vo, cloth . .10/0 

THE TIMBER IMPORTER’S, TIMBER MERCHANT’S, 

AND BUILDER'S STANDARD GUIDE. 

By Richard E. Grandv. Comprising:—An Analysis of Deal T 








CROSBY LOCKWOOD <S- SON’S CATALOGUE. 

DECORATIVE ARTS, &c. 


SCHOOL OF PAINTING FOR THE IMITATION OF 

WOODS AND MARBLES. • 



ELEMENTARY DECORATION. 

A Guide to the Simpler Form.s of Everyday Art. Together with PRACTICAL 
HOUSE DECORATION. By Ja.^tes W. Facey. With numerous lilu.s- 
tration.s. In One Voi., strongly half-bound.. 5/0 

HOUSE PAINTING, GRAINING, MARBLING. AND 

SIGN WRITING. 

A Practical Manual of. By Ellls A. Davidson. Seventh Edition, With 
Coloured Plates and Wood Engravings. 121110, cloth boards . . . 6/0 


THE DECORATOR’S ASSISTANT. 

A_ Modern Guide for Decorative Artists and Amateurs, Painters, Writers, 
• Gilders, &c. Containing iipward.s of 600 Receipts, Rules, and lnstruction.s ; 
with a variety of Information for General Work connected with eviery Class of 
Interior and Exterior Decoration.s, &c. Seventh Edition. 152 pp., cr. Svo. 1 1Q 

arger treatises on colour and technical jj'rocessek It woiikl be diificult to meet with a work so full 


MARBLE DECORATION 

And the Terminology of British and Foreign Marbles. A Handbook for 
Students. By George H. Blagrove, Author of “ Shoring and its Applica¬ 
tion,” &c. With 28 Illustrations. Crown 8vo, cloth .... 3/© 

“ This most useful and much wanted handbook should be in the hands of every architect and 
Y)u^A(ir.”~Suildin^ World. 

■ “A carefully and usefully written treatise ; the work is essentially practical.”— 




DECORATIVE ARTS. 


DELAMOTTE’S WORKS ON ALPHABETS AND 
ILLUMINATION, 

ORNAMENTAL ALPHABETS. ANCIENT & MEDI/EVAL. 

From the Eighth Century, with Numerals; including Gothic, Church-Text, 
large yd small, German, Italian, Arabesque, Initials for Illumination, 
Monograms, Crosses, &c., &c., for the use of Architectural and Engineering 
Draughtsmen, Missal Painters, Masons, Decorative Painters, Lithographers, 
Engravers, Carvers, &c., &C. Collected and Engraved by F. Delamotte, and 
printed in Colours. New and Cheaper Edition. Royal 8vo, oblong, 

ornamental boards.2/6 

For those who insert enamelled sentences round ^Ided chalices, who blazon shop leg^ends 
over shop-df^rs, who letter church walls with pithy sentences from the Decalogue, this book will be 

MODERN ALPHABETS, PLAIN AND ORNAMENTAL. 

Including German, Old English, Saxon, Italic, Perspective, Greek, Hebrew, 
Court Hand, Engrossing, Tuscan, Riband, Gothic, Rustic, and Arabesque ; 
with several Original Designs, and an Analysis of the Roman and Old English 
Alphabets, large and small, and Numerals, for the use of Draughtsmen, 
Surveyors, Masons, Decorative Painters, Lithographers, Engravers, Carvers, 
&c. Collected and Engraved by F. Delamotte, and printed in Colours. 
New and Cheaper Edition. Royal 8vo, oblong, ornamental boards . 2/6 

There is comprised in it every possible shape into which the letters of the alphabet and 
numerals can.be formed, and the talent which has been expended in the conception of the various 
plain and ornamental letters is wonderful."— 

MEDIyCVAL ALPHABETS AND INITIALS FOR 

ILLUMINATORS. 

By F. G. Delamotte. Containing 21 Plates and Illuminated Title, printed 
in Gold and Colours. With an Introduction by J. Willis Brooks. Fourth 
ahd Cheaper Edition. Small 410, ornamental boards . . . . 4/0 

"A volume in which the letters of the alphabet come forth glorihed iti gilding and all the 
colours of the prism interwoven and intertwined and intermingled.''— Sun. 


A PRIMER OF THE ART OF ILLUMINATION. 

For the Use of Beginners; with a Rudimentary Treatise on the Art, Practical 
Directions for its Exercise, and Examples taken from Illuminated MSS., 



INSTRUCTIONS IN WOOD-CARVING FOR AMATEURS. 

With Hints on Design. By A Lady. With 10 Plates. New and Cheaper 
Edition. Crown 8vo, in emblematic wrapper . . ■ . . . . 2/0 

Lady'i’publication..,4rAr»ieM>». ’ ** " r • ' Y 

PAINTING POPULARLY EXPLAINED. 

By Thom.^ John Gullick, Painter, and John Times, F.S.A. Including 
Fresco, Oil, Mosaic, Water-Colour, Water-Glass, Tempera, Encau.stic, 
Miniature, Painting on Ivory, Vellum, Pottery, Enamel, Glass, &c. Fifth 

Edition. Crown Svo, cloth.5/0 

*»* Adopttd as a Prise Book at South KfmingUm, 
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NATURAL SCIENCE, &c. 


THE VISIBLE UNIVERSE. 


Chapters on the Origin 
F,R.A.S., Author of “St 
and 12 Plates. Demy 



and Construction of the Heavens. By J. E. GoRE, 
:ar Group.s," &c. Illustrated by 6 Stellar Photographs 

cloth.I . 16/0 

iry of recent astronomical theory, rendered more valuable and 
graiihs and other illustrations.”—TAr Timis. 
icise account of tlie present state of our knowledge Mr. Gore 
literature of the ^ubject.”—Aufurr. ■ 3j • h h 

aUt wiil' be‘*as''a”ceptaVile and ar'^Mdable to those who* m^e 
t who devote themselves specially to matters astronomical.’’— 


STAR GROUPS. 


A Student’s Guide to the Constellations. By J. Ellard Gore, F.R.A.S., 
M.R.I.A., &c., Author of “The Visible Universe,” “The Scenery of the 
Heavens," &c. With 30 Maps. Small ^to, cloth. 5/0 



AN ASTRONOMICAL GLOSSARY. 

Or, Dictionary of Terms used in Astronomy. With Tables of Data and Lists 
^ ■ By J. Ellard Gore, 

Small crown 8vo, cloth. 

2/6 

not to be despised by more 


ttionary of Te 

__ _narkable and Interesting Celestial Objec 

F.R.A.S., Author of “ The Visible Universe,” &c. 




utility of whic 


THE MICROSCOPE. 

Its Construction and Management. Including Technique, Photo-micrography, 
and the Past and Future of the Microscope. By Dr. Henri van Heurck. 
Re-Edited and Augmented from the Fourth French Edition, and Translated 
by Wynne E. Baxter, F.G.S. 400 pp., with upwards of 250 Woodcuts, 
imp. 8vo, cloth ... '. . . . . . . . 18/0 


ASTRONOMY. 

By the late Rev. Robert MAin, M.A., F.R.S. Third Edition, Revised by 
William Thynne Lynn, B.A., F.R.A.S., formerly of the Royal Observatory, 

Greenwich. i2mo, cloth. 2/0 

^ “A sound and simple treatise, very carefully edited, and a capital book fo 


e by Mr. Lynn,’ 


A MANUAL OF THE MOLLUSCA. 

A Treatise on Recent and Fossil Shells. By S. P. Woodward, A.L.S., 
F.G.S. With an'Appendix on Recent and Fossil Conchological 
Discoveries, by Ralph Tate, A.L.S., F.G.S. With 23 Plates and 
upwards of 300 Woodcuts. Reprint of Fourth Edition (1880). Crown 8vo, 

' U ■ h ■ f' hi ’al d r-al’nf ‘ 


THE TWIN RECORDS OF CREATION. 

Or, Geology and Genesis, their Perfect Harmony and Wonderful Concord. 
By G. W, V.,LE Vaux. 8vo, cloth .. QfQ 



shiried, and no sophistry is left i 


. No real difficulty is 
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HANDBOOK OF MECHANICS. 

By Dr. Lardnee. Enlarged and re-written by Benjamin Loewy, F.R.A.S. 
378 Illustrations. Post 8vo, cloth.. 6/0 

have re placed'^ly others "of more mSern characAr. The explanations throughout are 

studiously popular, and care has been taken to show the application of the various branches of 
physics to the industrial arts, and to the practical business o{ViU."—MiniHg' ymmal. 

handbo6k of hydrostatics and pneumatics. 

By Dr. Lardner. New Edition, Revised and Enlarged by Benjamin Loewy, 
F.R.A.S. With 236 Illustrations. Post 8vo, cloth / . . . 6/0 


profound methods of mathematical investigation,’ this work is well adapted. "—CArmr'mf A’rws. 

HANDBOOK OF HEAT. 


By Dr. Lardnes. ^ited and re-written by Benjamin Loewy, F.R.A.S., &c. 
117 Illtistrations. Post 8vo, cloth. 6/0 


"The 
or lurking dc 




HANDBOOK OF OPTICS. 


By Dr. Lardner. New Edition. EditedbyX. Olver Harding, B.A. Lond. 
With 298 Illustrations. Small 8vo, 448 pp., cloth . . . . . 5/0 

‘ Written by one of the ablest English scientific writers, beautifully and elaborately illustrated.** 


ELECTRICITY, MAGNETISM, AND ACOUSTICS. 

By Dr. Lardner. Edited by Geo. Carey Foster, B.A., F.C.S. With 
400 Illustrations. Small 8vo, cloth . ... 5/0 

state of sciemific knowledge. "—5rt«iO! .^irwen/. S" E P 

HANDBOOK OF ASTRONOMY. 

By Dr. Lardner. Fourth Edition. Revised and Edited by Edwin Dunkin, 
F.R.A.S., Royal Observatory, Greenwich. With 38 Plates and upwards of 
^^100 Woodcuts. 8vo, cloth ^ ^ ^ ^ 9/B 

MUSEUM OF SCIENCE AND ART. 

'vrvEdited by Dr. Lardner. With upwards of 1,200 Engravings on Wood. In 
Six Double Volumes, £1 18. in a new and elegant cloth binding ; or hand- 

, somely bound in hsilf-morocco. £1 11s. 60. 

^ "A^cheap and intMesting publication, alik^ informinj; Snd^ attractive. The papere combine 
style of tteatiMnt."—Ji^erfafor. ^ ’ d ' p . p p 

Separate boohs formed frOm the above. 

Common Things Explained. 5s. I Steam and its Uses. 2s. cloth. 

The Microscope, as. cloth. Popular Astronomy. 4s. 6d. cloth. 

Popular Geology. 2s. 6d. cloth. The Bee and White Ants. 2s. cloth. 

Popular Physics. 2s. 6d. cloth. | The Electric Telegraph, is. 6d. ' 


NATURAL PHILOSOPHY FOR SCHOOLS. 


By Dr. Lardner. Fcap. 8 


ANIMAL PHYSIOLOGY FOR SCHOOLS. 

By Dr. Lardner. Fcap. 8vo . . . . . . 3/6 

•* Clearly written, well arranged, and excellently illustrated."—Cordencr'r Chronicle. 

THfi ELECTRIC TELEGRAPH. 

By Dr. laABDNSR. Revised by E. B. BRicriT, F.R.A.S. Fcap. 8vo. . 2/6 

of dN matt readable bookk extant on the Electric Telegraph. ’—English Mcchc nic. 
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CHEMICAL MANUFACTURES, 
CHEMISTRY, &c. 


THE GAS ENGINEER’S POCKET-BOOK. 


Comprisini? Table.'s, Notes and Memoranda relating to the* Manufacture, 
rHstrilniiion and^Useof Coal Gas and the Construction of Gas Works. ^By 



LIGHTING BY ACETYLENE 

Generators, Burners, and Electric Furnaces. By William E. Gibbs, M.E. 
With 66 Illustrations. Crown Svo, cloth. {Just Published. 7/6 


ENGINEERING CHEMISTRY. 

A Practical Treatise for the Use of Analytical Chemists, Engineers, Iron 
Masters, Iron Founders, Students and others. Comprising Methods of Analysis 
and Valuation of the Principal Materials, used in Engineering Work, with 
Analyses, Examples .and Suggestions. By H. J. Phillips, F.I.C., F.C.S. 
Second Edition, Enlarged. Crown Svo, 400 pp., with Illustration.s, cloth 10/6 


NITR0-EXPL0SIVE5. 

A Practical Treatise concerning the Properties, Manufacture, and Analysis 
of Nitrated Substances, including the Fulminates, Smokeless Powders, and 
Celluloid. By P. G. Sanford, F.I,C., Consulting Chemist to the Cotton Powder 
Company, &c. With Illustrations. Crown Svo, cloth. [Just Published. 9/0 


A HANDBOOK ON MODERN EXPLOSIVES. 

A Practical Treatise on the Manufacture and Use of Dynamite, Gun.Cotton, 
• Nitro-Glycerine and other Explosive Compounds, including Collodion-Cotton. 
With Chaptens on Explosives in Practical Application." By M. Eissler, 
Mining Engineer and Metallurgical Chemist. Second Edition, Enl.arged. 
With 150 Illustrations. Crown Svo, doth. [Just Published. 12/6 


DANGEROUS GOODS. 

Their Sources and Properties, Modes oi 






CHEMICAL MANUFACTURES, CHEMISTRY. 35 


A MANUAL OP THE ALKALI TRADE. 

I ncludin 44 ^ Manufacture of Sulphuric Acid, Sulphate of Soda, and Bleaching 
i’owder. By Johk Lomas, Alkali Manufacturer, Newcastle-upon-Tyne and 
I.ondon. -y)? PP- Text. With *3* Illustrations and Working Drawings, 
Second Kdition, with Additions. Super-royal 8vo, cloth £1 10 a. 


THE BLOWPIPE IN CHEMISTRY, MINERALOGY, AND 

aeoLOQY. 

Containing' alt known Methods of Anhydrous An.alysis, many Working 
Kxamplcs, .and InMruciions for Making Apparatus. Hy I.ieut.-Colonel W. A. 
Rons, R.A., F.G.S. With lao Illustrations. Second Kdition, Enlarged. 

Crown 8vo, cloth.. 5/0 

" The stu<h;nt who g.jes consiaentlously through the course of experiinemation here laid down 
will gain a laitter insight into Inorgiuin: t ticiiilstry and mineralogy than if he had • got up ‘ any of the 
iw'st teit-hooks of tlie day, anit pattsed any nuullair of examinations in tlieir contents.' —Caemi'ca/ 


THE MANUAL OF COLOURS AND DYE-WARES. 

Their Prfipcrties, Applications, Valuations, Impurities and .Sophistications. 
Kor the Use of Dyers, Printers, Drysalter.s, Brokers, &c. By J. W. Slater. 
Second Kdition, Revised and greatly Kniarged. Crown 8vo, cloth . 7/0 


A HANDY BOOK FOR BREWERS. 

Heinjr a Practical Guide to the Art of Brewing and Malting. Embracing the 
ConclimionK of Modern Kescarch which bear u|>on the Practice of Brewing, 
Hy HftKHKRT KnwARDs Wright, M.A. Second Edition, Enlarged. Crown 
8vo, 530 pp., cloth. ^ [Just Published. 12/6 

** May ti45 c<in<iuhed with u<lv;iiitNKe hy the student who is preparing hiiubolf for cx;in>iuation»l 
trvts. IkMe the ncientlhc iirewcr will fnwl In it a r/ridm/of all the most iinporiant discoveries of 
modem tiinef. The work ix written iliroughont in a clear and c<mcise iiumncr, and the author 
take* great Care to dincriiiunate between vague theories and well-established Uxci%."—Iirewers'‘ 


FUELS: SOLID, LIQUID, AND GASEOUS. 

Their Analysis nnd Valuation. Kor the Use of Chemists ami Kiigincers. By 
H. J. PHli.l.tHB, K.C.S., formerly Analytical and Consulting Chemist to tlie 
G.IL Rlwy. Third Kdition, Revised nnd Kniarged. Crown Bvo, cloth 2/0 ' 

" Ought to hive Its iiUce In the Iximrxtory uf every metallurgical extalilislimunt and wherever 
fuel U eiedOD a liiga Kale."—CArnsKv/ Nm. 
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THE ARTISTS’ MANUAL OF PIGMENTS. 

Showine their Conipo-siiloM, Con'.Htions of l-'cmtanr-noy, Non-Permanency, and 
A^Uih'-iaiion^; KflVcis in Coinhinaiion with Kach Other and wiih Vehicles; 
ami tlu', tno:%l Kcliahle'Pes's of fhirity. liy H, Stan[(Ai;k. crown 8vo. 2/6 


A POCKET-BOOK OF MENSURATION AND GAUGING. 

Ciontalnin;':; 'J'ahlcs, Isiilc.s, and M<‘riiorarKia for Revenue O^T‘K•.cr^, lirewers, 
Spirit Ahnehajjf., ic. Ry J. Ih Man'I', Inland Revenue. Second Kdition, 
Revised. tSnuj, leather.4/0 

" l ilts liriiiiiy :inl useful Loo!*- is !(* tlie reqiiirs-aicrUS of (lie liilnucj Kovrnue Depart- 






INDUSTRIAL ARTS, TRADES, AND 
MANUFACTURES. 

MODERN CYCLES. 

A Practical Hartahook on their Construction and Repair- Ry vV. j. Wallis- 
1 AYLEK, A. M. Inst. C. E. Author of “ Refrigerating Machinery," ^c. With 
upwards of aoo Illustrations. Crotvn 8vo, cloth. [Just Pvblisked. 10/6 

men^inechniii^Uv extraordinary fr.ciitties foVbuilding bievdes for rheir own iiU. . The 


TEA MACHINERY AND TEA FACTORIES, 

A Descriptivo Treatise on the Mechanical Appliances required C'n Tea 
Plantations in llie Piaparation of d'ea for the Market. I.*)' A. f. W. TAV'LKit, 
A.?^I. Inst. C.E. With about 200 Illustrations. Medium Svo. ‘ 

[A^car/j’Prkc,al>oiit 25 / 0 ' 

TEA PLANTING AND MANUFACTURE 

(A Text P.ook oO- Comprising Chapters on the History and Development of 
the Industry, the Cultivation of the Plant, the Preparation of the Leaf for the 
• Market, &c. By David Ckole. late of the Jokai Tea Company, &c. With 
Places and other Illustrations. Medium 8vo, cloth .... 16/0 

COTTON MANUFACTURE, 

A Manual of Practical Instruction of the Processes of Opening, Carding, 
Combing, Drawing, Doubling and Spinning of Cotton, the Methods of 
Dyeing, &c. For the Use of Operatives, Overlookers, and Manufacturens. 
By John Lister, Technical Instructor, Pendleton. Svo, cloth . . 7/6 

■' A dLstinct advance in the literature of cotton mimufacturc.‘ --.l/hrrAiMi?->'. 

FLOUR MANUFACTURE. 

' A Treatise on Milling Science and Practice. By Friedrich Kick, Imperial 

Regierungsraih, Professor of Mechanical Technology- in the Imperial German 
Polytechnic Institute, Prague. Translated from the Second Enlarged and 
Revised Edition with Supplement. By^ H. PI. P. PowLES, Assoc. Menib. 
Institution of Civil Engineers. Nearly 400 pp. Illustrated Nvith, 28 P'olding 

Plates, and 167 Woodcuts. Royal 8vo, cloth.£1 5s. 

Tliis valuable work Ls ami will remain, the standard authority on the science of milling. . . . 

successful career ; he wall have acquired a number of general principles which he can proceed to 
apply. In rhis handsome volume we at last have the accepted text-book of modem milling in good, 
sound English, which has little, if any, trace of tlie German'idioru.'’—7'A<il/»V^. 
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INDUSTRIAL AND 


USEFUL 


ARTS. I 


CEMENTS, PASTES, dLUES, AND QUMS. 


A Practical Guide to the Manufacture and Application of the various Aggluti- 
nants required in the Building, Metal-Working, Wood-Working, and Leather- 
Working Trades, and for Workshop, Laboratory or Office Use. With upwards 
of 900 Recipes and Formulae. By H. C. Standage, Chemist. Third Edition. 
Crown^vo, cloth. [Just Published. 2/0 

■We have pleasure in speaking favourably of this volume. So far as we have had 
ence, which B not inconsiderable, this manual is trustworthy."— 

‘As a revelation of what are considered trade secrets, this book wUl arouse an amount of 
ty among the large number of industries it touches.''—ZlarVy Chronicle. 


THE ART OF SOAP-MAKINQ. 


A Practical Handbook of the Manufacture of Hard and Soft Soaps, Toilet 
Soaps, &c. Including many New Processes, and a Chapter on the Recovery of 
Glycerine from Waste Leys. By Alx. Watt. Fifth Edition, Revised, with 
an Appendix on Modern Candlemaking. Crown 8vo, cloth . . . 7/6 

"The work will prove very useful, not merely to the technological student, but to the 


PRACTICAL PAPER-MAKING. 


A Manual for Paper-Makers and Owners and Managers of Paper-Mills. With 
Tables, Calculations, &c. By G. Clapperton, Paper-Maker. With Illus¬ 
trations of Fibres from Micro-Photographs. Crown 8vo, cloth . . 6/0 



" We recommend everybody interested in the trade to get a copy of this thoroughly practical 
book. "—Paper Making. 


THE ART OF PAPER-MAKING. 


A Practical Handbook of the Manufacture of Paper from Rags, Esparto, 
Straw, and other Fibrous Materials. Including the Manufacture of Pulp from 
Wood Fibre, with a Description of the Machinery and Appliances used. To 
which are added Details of Processes for Recovering Soda from Waste Liquors. 
By Alexander Watt, Author of “The Art of Soap-Making.” With Illus¬ 
trations. Crown Svo, cloth.. . . . 7/6 






5n the subject. The book is full of valuable 
'^d Printing 7 'racUs youmal. 


A TREATISE ON PAPER 

For Printers and Stationers. With an Outline of Paper Manufacture; Complete 
Tables of Sizes, and Specimens of Different Kinds of Paper. By Richard 
Parkinson, late of the Manchester Technical School. Demy Svo, cloth. 

[Just Published. 3/6 


THE ART OF LEATHER MANUFACTURE. 


Being a Practical Handboo 
and Leather Dressing are fully Described, and the. Principles of Tanning 
Explained, and many Recent Processes Introduced ; as also Methods for the 
Estimation of Tannin, and a Description of the Arts of Glue Boiling, Gut 
Dressing, &c. By Alexander Watt, Author of “ Soap-Making," &J. 
Fourth Edition. Crown Svo, cloth. g/0 


A sound, comprehem 


rise on^tannin^ and^ iB accessories. The hook 


eminently 


THE ART OF BOOT AND SHOE MAKING. 

A Practical Handbook, including Measurement, Last-Fitting, Cutting-Out, 
Clonng and Making, with a Descriptioifof the most approved Machinery 
Employed. By John B..Leno, late Editor of Sf. Crispin, and The Boot and 
■ ShM-iiaker. lamo, cloth. 
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WOOD KNUKAVINO. 


o the Studyof the An. By W. N. Brown. 


\I [ VV 1 1 

' £2 lOs. 


THE WATCH ADJUSTER’S MANUAL. 

A Pvactical Guide for ihe Watch and Chronometer Adjuster in Making, 
Springing, Timing and Adjusting for Isochronism, Positions and Temperatures. 
By C. E. Fkitts. 370 pp., with Illustrations, 8vo, cloth . . . 16/0 


THE WATCHMAKER'S HANDBOOK. 

Intended a.s a Workshop Companion for those engaged in Watchmaking and 
the Allied Mechanical Arts. Translated from the French of Claudius 
Saunier, and enlarged by Julien Triptlin, F.R.A.S., and Edward 
Rigg, M.A., Assayer in the Uoy.al Mint. Third Edition. 3vo, cloth. 9/0 




A HISTORY OF WATCHES & OTHER TIMEKEEPERS. 

By James F. Kendal, M.E.H. Inst. Board.s, 1 /6 ; or cloth, gilt . 2/6 

fievice.s oPthc ancient or modern horologcr."—A'.'irJO-ci'aji' 


^LECTRO-DEPOSITION. 

A Practical Treatise on the Electrolysis of Gold, .Silver, Copper, Nickel, and 
other Metals and Alloys. With Descriptions of Voltaic Batteries, Magneto 
and Dynamo-Electric Macliines, Thermopiles, and of the Materials and 
Processes used in every Department of the Art, and several Chapters on 
Electro-Metallurgy. By Alexander Watt, Author of “ tiieciro- 
Metallurgy,’’ See. Third Edition, Revised. Crown 8vo, cloth . . 9/0 


tl''scriptions'oV methods, processes ami'materials. 


ELECTRO-METALLURGY. 

« Practically Treated. By Alexander Watt. Tenth Edition, including the 

most recent Processes. i2nio, cloth.3/6 

" From this book both .amateur and artisan may le.Tni eveiytlung necessary for the successful 
prosecution of electroplating."— 

JEWELLER’S ASSISTANT IN WORKING IN GOLD. 

A Practical Treatise for Masters and Workmen, Compiled from the Experience 
of Thirty Years’Work.shop Practice. By George E. Gee, Author of “The 
Goldsmith’s Handbook,” &c. Crown 8vo, cloth . 7/6 

imndicraft which is certainly capable of ereat itnt>rnvement.”-i-7^(r 





INDUSTRIAL AND " 0 ^ 6 ^ 


■I, SiK \ ' 


ELECTROPLATINO. 

A Practical Handbook on the Deposition of Copper, SiK \ Nickel, Gold, 
Aluminium, Brass, Platinum, &c., &c. By J. W. Urquha \r C.E. FourA 
Edition, Revised. Crown 8vo, cloth l/ust Puoluhed. 6/0 

" An excellent practical manual. "—Bn^ttetring. 

•• An excejlent work, giving the newest informaiion.”-;y«eo/er»»l Jouma!. 

ELECTROTYPINQ, 

The Reproduction and Multiplication of Printing Surfaces and Works of Art 
by the Electro-Deposition of Metals. By J. W. Urquhart, C.E. Cro“ 


iuc ar. i.Moroughly practical; the reader is, therefore, conducte 
laws of electricity, then through the metals used by electrotypers, the appara 
processes, up to the finaJ preparation of the work. ’—Art yournal. 

I qOIrJ)SMITH’S HANDBOOK. 

,E E. Gee, Jeweller, &c. Fifth Edition. lamo, cloth 
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llLVERi»j> 

By George j 
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SHEET METAl 

Comprising a St 
Describing the V 
Tin-Plate Worker. 

, greatly Enlarged 
with 430 Illustratk, 

BREAD & BISC\ 

ASSISTANT. - 

Including a large v 
Bread-making. By R 
" A large number of wrinkl 

PASTRYCOOK & C 

For Hotels, Restaurants, 
Use. By R. Wells, Aut 
cloth 


“Wbcai 


notspeak too highly 01 ■ 

not Jo better than pur 'ECT/OMC 

ORNAMENTAL CONF ‘fect/o„ers 

A Guide for Bakers, Cor.g^j^ on Decora^^^'ycooks ■ ; 
Modem Recipes, and Ren . ^Blls Btid Coin," 

Original Designs. By 'R^btrebi'’'^^^ in ^ditioo^ 

**A raluable wo»*f «n»rtirai a ® *ai}d« ^4- 

The Illustrative design! 
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RUBBER HAND ^“^be,. 
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40 CROSKY LOCKWOOD SON'S CATALOGUE, 


HANDVBOOKS FOR HANDICRAFTS. 

IIY r,UJ], N. flASl.UCK. 

I'Milor of '* Work " (New Author of “ f.at fie Work," Milling Machines,” &c. 

These If AN3?V!!00KS iiNvc been -written to supply information for Wokicmbn, 
s I ^ an / Vm \ 1 j s in the several Uandu:rafts, on inc actuin Practice of 
the \\ and nre intended to convey tn plain lani’ua^'e'I'KCHNiCAh Know- 

i.ioJOTi of Hie several Crai' is. In descnbinv, the processes employed,and the manipn- 
0 } maievuil. -nioykshop terms are used ; ivnrkskop pnutirt is fully explained ; 
nvii f.hc text is freely ulnsivated wiih drawings of modern tools, appliances^ and 

THE METAL TURNERS HANDYBOOK. 


A Practical Manual for Workers at the Fooi-LjAhe. With over loo .Illus- 



tt^oroiijjli knowlcil.c^e of ilio subjc 


THE WATCH JOBBER’S HANDYBOOK. 

A Prnctical Manual on Cleaning, Repairing, and Adjusting. With upwards of 

too Illustrations.1/0 

'‘ ^Vc advise .all persons connected with the watch trade to acquire and study 

THE PATTERN MAKER’S HANDYBOOK. 

A Practical Maniud on the Construction of Patterns for Founders. With 
upwards of loo llUistrations^ \ •' ' 

THE MECHANIC’S WORKSHOP HANDYBOOK. 

A Practical Manual on Mechanical Manipulation, embracing Information 
on various Handicraft Processes. With Useful Notes and Miscellaneo 
'1 Memoranda. Coinnrisnicf aoou.L 2 (x-j Subjects . _ . ^ . "(/v 

>E MODEL ENGINEER’S HANDYBOOK. 

A Practinai iviaiiiiai on tne Construction of Model Steam Engines. With 

1/0 

lE CLOCK JOBBER’S HANDYBOOK. 

A Practical Manual on Cleanhig, Repairing, and Adjusting. With upwards of 

joo IllusLr.ations ^ _ . . 

■ndng the tr .de SOrJard ' ^ 

THE CABINET MAKER’S HANDYBOOK. 

A Practical Manual on the Tools, Materials, Appliances, and Processes 
employed in Cabinet Work. With upwards of too Illustrations . .1/0 

THE ^ HANDYBOOK OF MANUAL 

INSTRUCTION. 

Embracing Information on the Tools, Materials, Appliances and Processes 
Employed in Woodworking. With 104 Illustrations.1/0 




It how to do it, 




nd degrees of experience."—2>ci:t7j' ChrcniitJe 








